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ABSTRACT 


Naval Sea Svstems Command (NAVSEA) initiated an investigation of the Tarawa 
class (LHA-1) superheater headers due to the reoccurance of numerous cracks and leaks 
in the tube to header attachment welds. 

A 3-dimensional solid finite element model was developed-to simulate the super- 
heater header geometry. ADINA, a finite element program for automatic dynamic in- 
cremental nonlinear analvsis, is used to evaluate the stresses present in the header 
particularly the stresses that are present in the tube to header welds. The model that is 
used evaluates the stresses induced by both pressure and thermal loadings. This is part 


of a continuing studv of high pressure and high temperature boiler components. 
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I. INTRODUCTION 


In recent vears. the United States Navy has encountered problems with the super- 
heater headers in the Combustion Engineering Company, type V2M, marine boilers that 
are fitted on the Tarawa class (LHA-1) ships. The problems encountered are numerous 
cracks and leaks that have developed in the tube to header attachment welds. This 
prompted Naval Sea Svstems Command to begin an evaluation of these superheater 
headers in order to assess the cause of these failures and to generate corrective actions 
in order to minimize the down time of the ships and the cost of repairing these failures. 

A 3-dimensional solid finite element model was developed using the ADINA pro- 
gram [Ref. 1: pp. 48-61] in order to perform a thermal stress analysis of the header in the 
region of the tube to header attachment welds. 

This thesis will try to simulate, as close as can be determined, the actual conditions 
that the superheater headers are subjected to. This will include temperature dependent 
properties. combined Icadings caused bv boiler pressure coupled with a longitudinal 
temperature cradient and different initial temperatures of the header. The primary focus 
will be the induced stresses that are present in the tube to header attachment welds for 


25"6 and 90°» boiler loads. 


II. DESCRIPTION OF THE PROBLEM 


The Tarawa class (LHA-1) ships generate superheated steam for propulsion from 
two Combustion Engineering Company, type V2M, marine boilers. Each of these boil- 
ers are two drum, natural circulation, “D” type boilers fitted with an integral superheater, 
see Figure 1 on page 3. The boilers are rated at 628 psi with 904 degree F. superheater 
outlet conditions when operating at full power conditions. 

The superheater is made up of 268 “UL” shaped tubes that are inclined with the ver- 
tical and arranged such that there are 67 rows of tubes along the length of the header. 
The headers themselves are positioned such that thev lie in a horizontal plane, see Figure 
2 on page 4. The headers are 12.75 inch O.D. x 2.0 inch minimum wall thickness, 2.25 
chrome pipe (ASME-SA-335-Grade P-22) and the tubes are 1.5 inch O.D. x 0.12 inch 
nunimum wall thickness, seamless, 2.25 chrome tubing (MIL-T-16286, Class E) [Ref. 2: 
p. A-3].. The superheater is arranged such that once the steam has entered the super- 
heater, it makes four passes before exiting (each pass consists of the steam flowing from 
tne inlet-outlet header to the intermediate header or vice versa). 

The tubes are lightly rolled into the tube holes of the header proper and then are seal 
welded internal to the header. These welds, referred to in this thesis as tube to header 
attachment Welds, are the source of problems encountered that have prompted the 1n- 
vestigation. The problems being linear defects that were discovered while performing 
magnetic particle inspections on the headers. The following description of the linear 
defects is a summary of the description given by Naval Sea Svstems Command and those 
given by Lt. Dovle R. Kitchin [Ref. 1p. 2]. The linear defecis or cracks ere onenred 
predomunantly transverse to the longitudinal axis of the header; in other words, the 
cracks tended to propagate between tube to header attachment welds within the indi- 
vidual rows of tubes, but there were also a few exceptions where the crack propagated 
between tube to header attachment welds of adjacent rows. The majority of these linear 
defects were located in the inlet-outlet header as compared to the number of linear de- 
fects found in the intermediate header of the respective boiler. The linear defects found 
in the iniet-outlet header were concentrated in the first and the fourth passes (at the 
entrance and at the exit of the header). A more detailed description of the superheater 


geometry and the linear defects can be found in [Ref. 3: pp. 10 -15]. 
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Figure 1. Cross section of the V2M boiler 
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Figure 2. Arrangement of the Superheater 


IH]. DESCRIPTION OF ADINA 


ADINA, which stands for Automatic Dynamic Incremental Nonlinear Analysis, is 
a computer program that is designed to perform static and dynamic analysis in structural 
or solid mechanics, heat transfer, fluid flow, and other ficld problems that would lend 
themselves to a finite element analysis. ADINA uses a consistent set of units; forces are 
in pounds, stresses are in pounds per square inch, and displacements are in inches. The 
complete ADINA system consists of the programs ADINA for displacements and stress 
analysis, ADINA-F for the solution of fluid flow with heat transfer (ADINA-F was not 
used in this thesis and therefore it will not be discussed). ADINA-T for analysis of heat 
transfer in solids and structures and the solution of field problems, ADINA-IN for 
preparation and display of the input data and ADINA-PLOT for display of the calcu- 
lated results [Ref. 4: p. I]. The overall sequence of the ADINA system is shown in 


Figure 3 on page 6 which is taken from [Ref 4: p. 2]. 


A. ADINA 

The program ADINA [Ref. 4] is the central part of the ADINA system. ADINA 
is basically the problem solver of the ADINA system. ADINA performs the displace- 
ment and stress analvsis for the given model. It is capable of generating a solution for 
static and dynamic, linear or nonlinear, problems in 1-dimension, 2-dimensions, or 
3-dimensions. 

ADINA has the capability of handling a varied selection of elements for different 
model geometries. ADINA will handle truss, 1-dimensional solid, 2-dimensional solid. 
3-dimensional solid. isobeam. plate. shell. pipe. general spring. general mass stiffness, 
2-dimensional and 3-dimensional fluid elements. 

ADINA also has the capability of handling a wide variety of material types. [t can 
handle elastic, orthotropic. thermo- elastic, concrete. plastic. thermo-plastic and fluid 
materials, just to name a few. These are easily programmed using simple commands. 

ADINA allows the programmer to define contact surfaces. Contact surfaces are 
to or more surfaces that the programmer anticipates are in contact with each other or 
that could come into contact with each other during the solution of the problem. 

ADINA will also perform a thermal stress analvsis for a given model. ADINA uses 
the output form ADINA-T (which is discussed later) along with the proper material 


cefiniuon in order to perform these calculations. 


Figure 3. 
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Fracture mechanics, frequencies, mode shapes, and mode superpositions are other 


options that can be calculated from ADINA. 


B. ADINA-IN 

The preparation and checking of the input data for ADINA is done by the 
ADINA-IN portion of the ADINA system. ADINA-IN is the starting program for all 
models that are using the ADINA system. ADINA-IN can also be used to generate 
input data for the ADINA-T and ADINA-F programs. ADINA-IN can be used inter- 
actively or noninteractively (batch mode). The noninteractive option of ADINA-IN 
allows the programmer to define a large problem quite simply. This is done by writing 
an ADINA input file. 

The ADINA input file is the file that contains all pertinent information about the 
model. This includes model coordinates, element tvpes, material types, element loadings, 
type of analvsis to be performed, contact surface definition, and boundary conditions. 
The model coordinates can be input in local or global coordinate systems using 
Cartesian, cylindrical. spherical or anv combination of these. Meshes consisting of line, 
surface, or volume elements can be generated by the commands GLINE, GSURFACE. 
or GVOLUME respectively (Ref. 5: pp. 1-3]. These commands give the programmer the 
ability to define a minimal number of nodes in order to generate the model instead of 
having to define each nodal coordinate seperately. ADINA-IN will automatically gen- 
erate the rest of the nodes of the model based upon the type and number of nodes of the 
specified element that is used. ADINA-IN will also automatically number the rest of 
the nodes of the model. 

The element loading can also be specified in the ADINA input file. The elements 
can be loaded in different wavs; the LOADS ELEMENT command can be used to put 
pressure or distributed loads on the elements. The command LOADS TEMPER- 
ATURE or LOADS HEATFLUX can be used to describe the type of loading used in 
the heat transfer problem. 

The type of material is also specified in the ADINA input file. Material types for 
the displacement. stress analysis or heat transfer problems are numerous, as mentioned 
previously. The versatility of the MATERIAL and the LOADS commands demon- 
strates how one input file for a given model can be used to solve a stress analysis, ther- 
mal stress analysis or heat transfer problem: it is just a matter of invoking the proper 


commands for the specific portion of the ADINA system that is to be used. 


~~] 


ADINA-IN also allows the programmer to take advantage of geometric symmetry 
in the given problem. If the geometry of the problem lends itself to that of a repeating 
section, ADINA-IN will allow the programmer to define the repeating section using the 
SUBSTRUCTURE command and then combine the same substructure numerous times 
using the REUSE command until the entire model is generated. There is one major 
disadvantage to using these commands and that is that only distributed or pressure 
loadings can be implemented in the problem. z 

ADINA-IN also has a graphics subroutine incorporated in it. The graphics 
standard used by ADINA-IN is GKS (Graphics Kernel System). This is a very useful 
tool to have because it allows the programmer to see what the model actually looks like 
at compilation time. In this wav, the programmer can correct inaccuracies in the model 
prior to using another portion of the ADINA system. This graphics routine has the 
capability for hidden line removal which is very helpful when viewing a 3- dimensional 
rnodel. 

ADINA-IN will generate error messages as the errors are detected during the gen- 
eration of the input data. In many cases, ADINA-IN takes corrective action in order 
to allow ADINA to be executed. 

An optimization of the equation numbering is performed by ADINA-IN using the 
reverse Cuthill-McKee algorithm in order to reduce the bandwidth and profile of the 


suffness and mass matrices [Ref. 5: pp. 1-3]. 


Cc. ADINA-T 

ADINA-T, which stands for Automatic Dynamic Incremental Nonlinear Analysis 
of Temperatures, can be used for linear and nonlinear steady state or transient heat 
transfer problems to solve for the temperature distribution of a given model. ADINA-T 
is a compatible heat transfer analvsis program to the stress analysis program ADINA. 
A specific feature of ADINA-T is that the same code can also be used to solve other 
field problems such as seepage, electric conduction, etc. [Ref. 6: pp. 1-2]. ADINA-T 
offers the programmer the ability to specify convection, radiation, temperatures, 
heatflux, initial conditions, or any combination of these as boundary conditions. 
ADINA-T offers the ability to utilize constant or temperature time dependent properties 
such as convection or conduction coefficients and if needed, phase changes can be in- 


corporated into the model. 


D. ADINA-PLOT 

ADINA-PLOT [Ref. 7] is the portion of the ADINA svstem that is utilized for 
post-processing of resultant data from the ADINA program. ADINA-PLOT has the 
capacity to give the programmer graphics and display the results. The graphics standard 
used is the same as ADINA-IN., the Graphics Kernel System (GKS). 

The graphics portion of ADINA-PLOT allows the programmer to see the 
undeformed model and the deformed model either as separate displays or on the same 
display. It also has the hidden line removal routine as does ADINA-IN but it must be 
Kept in mind that hidden line removal is slow and is computationally expensive. 
ADINA-PLOT gives the programmer the ability to view the deformed and undeformed 
model in different colors: there 1s also a Windowing feature that allows the programmer 
to zoom in on a particular part of the model. 

The displaving of results can be accomplished in numerous wavs. Results can be 
displayed in graphs. lists. scans or isobands. Graphs can be set up to show a comparison 
©; anv combination of results the programmer wishes. A listing of anv of the results can 
be obtained and if the progranimer wishes to see a listing of values that exceed a speci- 
fied value. ADINA-PLOT will produce these using the scan feature. ADINA-PLOT 
» 1 also produce plots of isobands in various colors, but presently, this is limited to 
2-dimensional problems. 


Further information about the ADINA system can be found in [Ref. 1]. 


IV. 3-DIMENSIONAL SOLID FINITE ELEMENT MODEL 


The 3-dimensional model! used in this thesis was developed by LCDR. Doyle R. 
Kitchin [Ref. 1: pp. 48-60]. The model was developed in order to study thermal stresses 
in the header. One tube row was chosen as the repeating section and this tube row was 
divided in half by passing a vertical plane through the tube row’s.longitudinal axis. The 
3-dimensional model is shown in Figure 4 on page 11. The model consists of 288 ele- 
ments and 1957 nodes. The element that was chosen for the model was the 20-node 
isoparamietric solid element. Figure 5 on page 12 shows the 20-node isoparametric ele- 
ment. This element was chosen because it is able to approximate the curved geometry 
of the header. The following boundary conditions are imposed on the model. All nodes 
in the Y=0 plane were constrained to roll only within that plane. All of the nodes in 
the Z direction, from the origin, were fixed and the nodes in the positive X direction, 
from the origin, Were constrained to roll only in the X direction. 

The material of the header and tubes is considered to be 2.25 Chromium and 1.0 
Molybdenum as discussed previously. An important assumption that must be under- 
stood 1s that the material used in the tube to header attachment weld is the same as the 
header and the tubes; it follows from this assumption that the weld properties are iden- 
tical to those of the header and tubes. 

Internal pressure applied to the header is assumed constant throughout the analvsis. 
The internal pressure applied to the model is 700 psi, which is a worse case scenario of 


the operating conditions of the boiler [Ref. 3: p. 38]. 


A. PROGRAM SUPHTRTEMP.IN 

Program SLUPHIRITEMP.1% is a contunuation from LCDR> Doviesk.. Kaiten s 
model [Ref. 1: pp. 87-100]. In this program, the graphics portion for ADINA-IN was 
updated to the latest version of ADINA. 

Program SUPHTRTEMP.IN is basically two programs incorporated into one 
ADIAMA input fle. Prosram SEPHI RTE VIPS is disted ingippendix A. Mine time 
poruon of the program 1s to set up the data needed for ADINA-T in order to produce 
the temperature distribution of the header and the second portion of the program sets 
up the data needed by ADINA in order to produce the thermal stresses within the 
header. The proceedure for executing Program SUPHTRTEMP.IN will be discussed 
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Figure 4. 3- Dimensional mode] of the repeating section 





Figure 5. 20-node isoparametric element 


The temperature poruon of Program SUPHTRTEMP.IN is currently set up to per- 
form a steady state analysis of the heat conduction equation [Ref. 6: pp. 3-5] in order to 
derive the temperature distribution of the header. This distribution is needed by ADINA 
for the thermal stress analysis. The thermal conductivity is not assumed to be constant 
during the solution of the temperature distribution; the values for the temperature de- 
pendence of thermal conductivity was taken from [Ref. 8: p. 652]. The reader is re- 
minded that ADINA accepts temperature dependent thermal conductivity during the 
non linear part of the solution algorithm. The aspect of thermal conductivity being 
temperature dependent was introduced into the model to simulate the actual conditions 
that the header was subject to. 

Four assumptions are made with respect to the temperature distribution of the 
header. First, the internal longitudinal] temperature gradient of the header is assumed 
to be linear. This temperature gradient was derived by taking the difference between the 
inlet and outlet temperatures and dividing this by the distance between row 1 and row 
67 of the header (the distance between row | and row 67 is 148.5 inches) [Ref. 2: Plan 
A-18]. The inlet temperature was taken to be 503 degrees F., which is the saturated 
steam temperature at 700 psi. The outlet temperature was taken from information pro- 
vided by Naval Ship Systems Engineering Station, Philadelphia. Second, the longitudi- 
nal temperature gradient along the outside of the header was assumed to be linear. The 
same procedure was used to calculate the outside gradient applied to the model as the 
inside gradient discussed previously. The temperature data for the inlet and outlet re- 
cions of the qutside of the header was also provided by Naval Ships Svstems Engineering 
Station, Philadelphia. Third. the temperature gradient through the thickness of the 
header is assumed to be linear. Fourth, being that the tuhe thickness is relatively small 
compared to the header thickness . the tube 1s assumed to be at a constant temperature 
trough the thickness. These assumptions were made in order to provide the boundary 
conditions for the solution of the heat conduction equation. The inner and outer tem- 
perature gradients provided the boundary conditions for the inner and outer surfaces of 
the model respectively. The thickness temperature gradient provides the boundary con- 
ciuons for the edges of the model. These edge boundary conditions are derived by tak- 
ing the difference between the inner and outer node temperatures of the respective edges. 
It should be noted that there are specified nodal temperatures at the midpoints of the 
model on both the inner and outer surfaces. At the two edges along the Y=0 plane, a 
“alue of heat flux equal to zero was imposed on the model unsuccessfully and therefore 


tite linear temperature gradient assumption was assumed along these edges. 


to 


In actual practice, these boilers are kept on a 150 psi steam blanket (or close to this 
condition) when the boilers are secured. With this idea in mind, a 350 degree F. initial 
condition was placed on the header to simulate actual light off conditions of the boiler 
(350 degrees F. corresponds to a saturated steam temperature of 150 psi steam). This 
is an important concept in the conclusions of this thesis. 

The second portion of Program SUPHTRTEMP.IN is set up to perform a static 
thermal stress analvsis of the header. In this portion, the temperature distribution 1s 
used along with the internal pressure of the header in order to perform the thermal stress 
analysis. The two loading aspects, thermal and pressure, simulate the actual loading of 
the header. The onlv aspect of loading that is not incorporated into this model is the 
Weight of the header: the reason that this condition was left out is discussed in the sec- 
tion that describes Program SUPIITR.IN. Pressure loading is only prescribed on the 
inner faces of the inner elements of the header in order to simulate the actual pressure 
loading. The thermo-elastic material selection was chosen for this model due to the fact 
that Young’s Modulus and the linear coefficient of thermal expansion are both temper- 
ature dependent. It was felt that using this temperature dependency in the model would 
add some realism of the actual conditions that the header is subjected to. The data for 
how Young's Modulus varies with temperature for 2.25 Chromium and 1.0 Molybdenum 
was supplied by Naval Ship Svstems Engineering Station, Philadelphia, but the data for 
how the linear coefficient of thermal expansion varied was taken from [Ref. 8: p. 653]. 
Contact surfaces are defined for the model due to the fact that the tube to header inter- 
face cannot be considered rigid. Even though the tube is welded to the header on the 
inner part of the header, the remaining length of the tube through the header is left free 
to movement. Contact surfaces are defined by ADINA as being surfaces that initially 
are in contact or that are anticipated to come into contact during the solution [Ref. 3: 
Pp oalge2) 

ADINA can use numerous types of convergence criteria. Normally by default, an 
energy convergence criteria [Ref. 5: p. 5.2-48] is used, but when contact surfaces are de- 
fined in a problem. convergence is also contingent upon the convergence of the contact 
surface forces [Ref. 5: p. 4.2-50]. For a small temperature change across the thickness 
of the header (10-20 degrees), the default contact surface force tolerance of 0.05 is sat- 
isfactorv. If there is a large temperature change across the thickness of the header 
(S0-100 degrees), the default contact surface force tolerance was too stringent. The 
program was running up to 90 or more hours on the VAX 2000 station trving to solve 


the problem. Thercfore. it was decided to try to bracket the contact surface tolerance. 


The values between 0.075 and 0.15 were found to vield 0.32 and 0.00 percent differences 
respectively when compared to the results of a tolerance of 0.1; the run time for these 
values were 30.7 and 22.9 hours respectively, a significant decrease as compared to the 
time at 0.05 tolerance. The tolerance of 0.075 was chosen to be used in the solution of 


the problem. 


B. PROGRAM SUPHTRTEMP.PLOT 

Program SUPHTRTEMP.PLOT is a program writter® in order to utilize 
ADINA-PLOT capabilities: a listing of Program SUPHTRTEMP.PLOT is in Appendix 
3. Program SUPHTRTEMP.PLOT is presently set up to give the user the normal and 
shear stress values for integration points of the elements that simulate the tube to header 
weld. Figure 6 on page 16 shows the tube to header arrangement as modeled. The tube 
to header weld is simulated as being the lower nodal points of the modeled tube, also 
as shown in Figure 6. The elements that model the lower tubes are elements 35 through 
60 for the inner tube and elements 115 through 120 for the outer tube. Program 
Seri RTE WP PLOT is also set up so that a file called SEPHTRTEMP.LIST is cre- 
ated that gives the stress values of the integration points for these elements. Along with 
these values. Program SLUPHTRTEMP.PLOT will produce the undeformed header ver- 
sus the deformed header superimposed upon cach other in the same picture so an im- 


mediate comparison of the header before and after can be viewed. 


C. PROGRAM SUPHTR.IN 

The original direction of this thesis was to study the entire superheater inlet outlet 
header. Program SUPHITR.IN was the ADINA input file created to mode! the entre 
header; a listing of Program SUPHTR.IN is given in Appendix C. The use of the 
SUBSTRUCTURE and REUSE commands can he seen in the program. .\ main struc- 
ture of the header was first defined. This consisted of defining the four corner nodal 
points of the repeating section in the Y=0 plane and then defining nodal points along 
the Z axis. also in the Y=0 plane. that would correspond to the corner points of the 
model spaced at a model's width apart. The main portion of the model is defined by the 
cOmumtiand SUBSTRUCTURE 0. The repeating section is defined by the command 
SUBSTRUCTURE 1. Now the REUSE command could be employed to link the model 


"Wked together). ADINA allows the programmer to utilize the REUSE command up 


times for a given substructure within the main structure [Ref. 3: p. 3.22-4!. 
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Figure 6. Tube to header arrangenient 
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The program had to be abandoned due to the fact that ADINA is presently limited 
as to the types of problems that can be solved using the SUBSTRUCTURE and REUSE 
commands. Only problems using pressure or concentrated loadings can be solved using 
this technique. Problems using contact surfaces and thermal loads, as this thesis is in- 
volved with. can not be solved using the SUBSTRUCTURE and REUSE commands 
[Ref. 5: p. 5.22-2 and 5.22-3]. Therefore this thesis is restricted to evaluating specific 


regions of the inlet outlet header. 


a 


D. PROCEDURES FOR USING SUPHTRTEMP.IN AND SUPHTRTEMP.PLOT 

These programs are set up to be used with the VAX'VMS operating system. It 
should be understood that any logical file name can be given to these files, but for the 
operation of ADINA, the ADINA input file must be named FILENAME.IN and the 
riot program must be named FILENAME.PLOT. 

To run the problem, first the temperature distribution must be created. To do this, 
enter the editor with the ADINA input file SUPHTRTEMP.IN and place the corre- 
sponding nodal temperatures in the proper TIMEFUNCTION commands. Ensure that 
ali data for ADINA is commented out (these areas can be found easily as there are in- 
structions throughout Program SUPHTRTEMP.IN with the corresponding line num- 
vers that tell which sections are needed for ADINA-T and ADINA). Also at the end 
of the file. there are two commands ADINA-T and ADINA. The command ADINA 
“ust be commented out in order to run ADINA-T. Exit the editor (saving this version 
of the input file) and at the system prompt. type @ADINAIN FILENAME. This runs 
ADINA-IN and will create a file named FILENAME.DAT. This is the data file that 
SON.) Uses. aSain at the system) prompt, type @ADINAT FILENAME. 
ADINA-T is now solving the temperature distribution. It is very important to note that 

of the ADINA programs create numerous FOR*.DAT files during their respective 
operations. At the end of their respective runs, all of the FOR*.DAT file are automat- 
ically deleted. FORO36.DAT is the data file that contains the temperature distribution 
that is needed by ADINA to solve the thermal stress problem. The user should ensure 
tuat his her ADINA-T command file is modified to rename FOROS6.DAT to another 
name. 1 chose to modify mv ADINA-T command file to rename FORO3S6.DAT to 
SUPP RTENIP TEMP. 

After ADINA-T is completed. if you look in vour directory. vou will see that there 
fei rolomine files FILENANEAN. PILENAME.DAT. FILENAME.PLOT, 
Peer ee. OL TL. PILE VAWIE.POR MMOLE, FICESAVIE TENE and 


FILENAME RESTART Delete from the” “directors " PILENAMIDAT, 
FILENAMIE-OUT, FILENAMEVPORTHOLE, and@ Pile NA Vile Res iAR l2 eemer. 
the editor again with the ADINA input file FILENAME.IN. Comment out all the 
sections that are used with ADINA-T and comment in the sections that are used in 
ADINA. Comment out the command ADINA-T and comment in the command 
ADIMNA at the end of the file. Exit the editor (saving this version of FILENAME.IN). 
At the system prompt, type @ADINAIN FILENAME. This is creating 
FILENAME.DAT that will be the data file used by ADINA. After this is finished and 
the prompt appears, rename FILENAME.TEMP to FORO56.DAT. Now you are ready 
for ADINA: at the system prompt, type @ADINA FILENAME. ADINA is now 
solving the problem. 

When ADINA is finished and the system prompt appears, type @ ADINAPLOT 
FILENAME. This wall execute FILENAME.PLOT, which s.williiread Stiewule 
FILENAME.PORTHOLE; FILENAME.PORTIIOLE contains all thesdctanc sine 
problem. The results of the problem will be displaved. FILENAME.PLOT will also 
create a file named FILENAME.LIST, which contains the thermal stresses of the sim- 
ulated tube to header attachment weld nodes. There is also a file named 
FILENAME.OUT created. This file contains all of the model data, initial conditions 
of the model. final nodal displacements and final nodal stresses for all of the nodes for 
the entire model. The actual run time of the ADINA problem can also be found in 
FILENAME.-OUT atthe end of the file. 

If vou wish to create a graphics file of the model, set OPTION=0 in the WORK- 
STATION command of FILENAME.IN and FILENAME.PLOT. If the graphics are 
preferred on the screcn. set OPTION =I in the WORKSTATION command. 


Me RESUBES 


As previously discussed. the entire superheater header could not be modeled. 
Therefore, it was decided that a modeled section in the first pass and a modeled section 
in the fourth pass would be used. The modeled section of the first pass was taken to be 
row 1 and for the fourth pass row 67 was used. The selection.of these two rows was 
based on the fact that the inlet and outlet steam temperatures for the superheater header 
can be readily determined. It was also decided that system behavior at two steam flows 
would be evaluated, 25 percent and 90 percent steam flows. These steam flows seemed 
to vield the two extremes with respect to the inner and outer temperature gradients and 
the temperature gradient through the thickness of the header. Therefore for the 25 per- 
cent steam flow condition, a model of row | and a model of row 67 Were evaluated and 
simularly for the 90 percent steam flow. There was one other model run; this was row 1 
for 25 percent steam flow with the header starting from a 0 degree F. initial condition 
and a comparison was made to the same model except that a 350 degree F. initial con- 
citicn Was imposed on the model. 

It must be understood that the stress values that are represented in this thesis are 
not nodal point stresses. Thev are the respective element integration point stresses for 
the 3- dimensional isoparametric element. 

It also needs to be stated that the temperature data from Naval Ship Systems En- 
gineering. Philadelphia for the first and fourth passes of the inlet outlet header was not 
very detailed. The temperature data used in this thesis was for the worst case temper- 
ature readings from this mformation. 

As the following discussion of integration point stresses for the simulated elements 
Lor the tube to header attachment weld continues, refer to Figure 6 on page 16 in order 
to have a perspective of the geometry and location of the elements for the inner tube of 
the header. The same geometry consists for the outer tube of the header but with dif- 


rerent element numbers. 


aes PERCENT STEASTFLOW 

An inner longitudinal temperature gradient of 2.356 degrees F. per inch and an 
outer longitudinal temperature gradient of 1.911 F. degrees per incl were imposed on 
rie model. A linear 10 degree temperature gradient was imposed on the upstream edge 


, the model for row 1. The temperature gradient on the downstream edge of the model 
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for row 1 was also assumed to be linear except these temperatures were defined by the 
inner and outer edge values of the model once the longitudinal temperature gradients 
inside and outside the model were imposed. The temperature gradients imposed on the 
model for row 67 were determined the same way except for the temperature gradients 
on the edges. There was an 80 degree temperature gradient imposed on the downstream 
edge of the model and the upstream edge temperatures were determined in the same 
manner as the downstream edge of the model for row J]. The tubes were assumed to 
have a uniform temperature of 503 F. degrees for the row I model and 850 degrees F. 
for the row 67 model. 

The model for row 1 was run for a 0 degree F. initial condition and for a 350 degree 
F. initial condition of the header. As can be seen from Appendix D and Appendix E, 
the integration point stress values for the respective elements were the same, but for the 
sake of simulating the 150 psi steam layup of the boilers, it was decided to use the 350 

degree initial condition for the rest of the evaluations. 

The most significant result that can be drawn from this data is the very high values 
of the normal stresses in the Y direction for the majority of the integration points for 
elements 56 and 59 of the inner tube. Values above 40,000 psi are considered significant 
by this author. The value of 40,000 psi was used because it seems to represent an aver- 

age Value of vield stress. For the given steam flow, normal stresses in the Y direction 
of 6.3S807E + 04 and 6.28656E + 04 were encountered for elements 56 and 59 respectively 
ror the row I model. Values of $.56997E +04 and 8.43748E +04 were encountered for 
elements 56 and 59 respectively for the row 67 model. The rest of the elements simu- 
lating the weld had integration point stress values below 40,000 psi. The elements sim- 
lating the weld for the outer tube also were found to have integration point stress 
values below the 40,000 psi value. These values can be seen in Appendix E and Ap- 
pendinal, 

The deformed versus the undeformed header can be seen in Figure 7 on page 22 for 
the row 1 model and Figure 8 on page 23 for the row 67 model respectively. The 
undeformed header is represented by the solid lines and the deformed header is shown 
with dotted lines. It should be noted that both figures look exactly the same. but there 
are differences in nodal point displacements. These differences are too small to show 


any significant change in the figures. 
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B. 90 PERCENT STEAM FLOW 

An inner longitudinal temperature gradient of 2.54 degrees F. per inch and an outer 
longitudinal temperature gradient of 2.0 degrees F. per inch were imposed on the model. 
A linear 20 degree temperature gradient was imposed on the upstream edge of the model 
for row | and a 100 degree temperature gradient was imposed on the downstream edge 
of the model for row 67. The same procedure was used for assigning temperatures for 
the downstream edge of the row I model and the upstream edge Of the row 67 model as 
was done for the 25 percent steam flow case. The tubes were also assumed to have 
uniform temperatures of 503 degrees F. for the row | model and 880 degrees F. for the 
row 67 model. 

It was found again that elements 56 and 59 of the inner tube had normal integration 
point stresses in the Y direction above the 40,000 psi value. This data can be seen in 
Appendix G for the row 1 model and Appendix H for the row 67 model. For the row 
1 model, normal integration point stresses in the Y direction were as high as 
G.12707E+04 and 6.0S892E +04 for elements 56 and 59 respectively for the inner tube. 
For the row 67 model, the inner tube normal integration point stresses in the Y direction 
were as high as 8.39943E +04 and 8.26567E+04 for elements 56 and 59 respectively. 
As was the case for the 25 percent steam flow, the elements that simulated the weld for 
the outer tube were al! found to have integration point stresses less than the 40,000 psi 
Value. 

The deformed versus the undeformed header can be seen in Figure 9 on page 24 for 
the row 1 model and Figure 10 on page 25 for the row 67 model. It should also be kept 
in mind that even though the figures look the same, there is a small difference in the 


nodal point displacements that are not able to be seen in these two figures. 
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Figure 7. Row I model for 25% steam flow 
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Figure 8. Row 67 model for 25% steam flow 
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Figure 9. Row 1 model for 90% steam flow 
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Row 67 model for 90% steam flow 


VI. CONCLUSIONS 


A. DISCUSSION OF THE RESULTS 

The results have shown that there is definitely a problem region located in elements 
56 and 59 of the simulated tube to header attachment weld for the inner tube, please 
refer to Figure 6 on page 16 to see these locations. It is believed the linear defects start 
within these elements. These boilers are operated in such a manner that steady state 
steaming is not always maintained. The steam flow rates are quite often varied in a cy- 
clic wav; by no means does the author intend that the cyclic pattern is repeated the same 
way each time. It is due to the cyclic steam flow rates and the high values of the stresses 
found in the simulated weld elements that leads to the idea that low cycle fatigue is 
present within these headers. It is also the author’s belief that once the defect is initi- 
ated, that the stress distribution changes within the tube to header attachment weld 
thereby locating these high stress values at a different location where another defect can 
start. 

The results also show that the temperature gradient across the thickness of the 
header along with the longitudinal temperature gradient effects the stress levels induced 
in the header. As can be seen, the integration point stresses are higher for the 25 percent 
steam flow when compared to the 90 percent steam flow, but in both cases, elements 56 
and 59 of the inner tube do exhibit normal integration point stresses in the Y direction 
that are high. 

It is also the author’s belief that the 150 psi steam blanket placed on the idle boilers 
provides a type of stress relief to the tube to header attachment weld. This coupled with 
the redistribution of the stresses in the header, once a defect develops, could explain why 
it takes a period of time for numerous defects to appear. 

As a final comment to the reader, one must keep in mind that the stress values 
presented in this thesis are stresses at the Gauss integration points within each element. 
These values do seem excessive until one remembers that the nodal point stresses are 
extrapolated from their neighboring integration point stresses. Until these extrapolated 
nodal point stresses are calculated and reviewed, it will be hard to determine whether the 
stresses in these headers are marginal or excessive. An extrapolation program was not 
developed in this investigation due to time limitations. Convergence studies have not 


been formally conducted in this investigation due to time limitations. 


B. OPPORTUNITIES FOR FURTHER RESEARCH 

The ADINA program 1s a Versatile finite element program, but it does have some 
disadvantages. One such disadvantage is that if the programmer uses anv material other 
than elastic, orthotropic or Moonev-Rivilin material, a nodal stress output table cannot 
be generated. All of the stresses that have been discussed in this thesis deal with stresses 
that are present at the Gauss integration points of the elements. The next step in this 
research would be to develop a 3-dimensional computer program that would extrapolate 
the nodal point stresses from the Gauss integration point stresses. To do this, the co- 
ordinates of the integration points needs to be known. Figure 11 on page 28 shows an 
example of integration point labeling used by ADINA for a 3- dimensional solid ele- 
ment. It should be kept in mind that this figure is not representative of the 20 node 
isoparametric element used in this thesis. Figure 12 on page 29 shows the coordinates 
cf the Gauss integration point numbering system. The convention for the integration 
point numbering is as follows. The first integration of the element is the point with the 
most negative location of r,s and t and thisis denoted by INR=1, INS=1, INT=1. 
The next integration point is located by increasing t successively up to 1ts maximum 
positive value, then increasing s one position in the positive direction and varying t from 
its maXimum negative value to its maximum positive value, and so on [Ref. 4: pp. 
NIiI-14 to NIII-17]. With the integration point coordinates and the integration point 
stresses for the elements, the nodal point stresses can be extrapolated. 

A steady’ state analvsis was performed in this thesis, but the transient temperature 
loading should be evalutated. In order to do the transient loading, or even a more ac- 
curate steady state analysis. better temperature data needs to be obtained along the en- 
tire length of the header so that less assumptions are made and more actual conditions 
can be incorporated into the model. 

A defect should be modeled into the tube to header attachment weld and the stress 
redistribution of the header evalutated again. Another area of research could be the 
study of creep within the header. Further research should also incorporate a pressure 
cradient across the header in order to simulate the increase in steam flow rates. 

This report has attempted to incorporate as much of the actual environment of the 
superheater header as was permissible in the given time allotted for this research. It is 
hoped that further investigations can be made in order to solve this problem and any 


other sinular problems that mav be encountered. 
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Figure 11. Integration point labeling 
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Figure 12. Gauss integration point numbering 
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APPENDIX A. ADINA INPUT FILE: SUPHTRTEMP.IN 


%* == ADINA INPUT FILE FOR 3D-HEADER -- 


** THIS PROGRAM IS THE MODEL FOR THE LHA-1 SUPERHEATER HEADER 


* CONTROL INFORMATION 


FILEUNITS LIST=6 LOG=6 ECHO=6 
CONTROL ORIGIN=UPPERLEFT 


DATABASE CREATE 


wre ~ADINA CONTROL INFORMATION 


le 
7 


HEADING '3D-SUPERHEATER HEADER' 


wie ~=MASTER DEGREES OF FREEDOM ARE DEFINED 
sedevesesers ADINA CONTROL INFORMATION, COMMENT LINES 27: 32 
MASTER IDOF=000111 ITP56=1 
PORTHOLE VOL=MAX FORMATTED=YES FILE=60 
PRINTOUT VOLUMES=MASIMUM 
KINEMATICS DISP=LARGE STRAINS=SMALL 
ANALYSIS TYFE=STATIC 
TOLERANCES RCTOL=0.075 ITEMAX=25 


wereve ~=ADINA-T CONTROL INFORMATION, COMMENT LINES 36: 102 


whi FEPROGRAM PROGRAM=ADINA-T 
* PRINTOUT VOLUME=MAXIMUM 
 PORTHOLE FORMATTED=YES 
winnie MASTER ITP56=1 

ware ANALYSIS TYPESSTEADY 
TIMESTEP 

devedededecedetete |] eeuect | 







w% = =6THESE TIMEFUNCTIONS DEFINE THE LOW TEMP. SIDE OF THE MODEL 


wikkek TT I NEBE NCOs: 
rier, HIB T4, 3 
deve] severe 874. 


TINEUNC coe 3 









weeks TINEFUNCTION 4 
tedetedsdotetdrisveirs Qa B41 4 
Fore] RL 4 
wien TIMEFUNCTION 5 


Sevevsz. 





sededevesedederorteedeed) wie B94 9 
sessteveirieedese eek ] deter B04 9 


go SL IMEFUNCTION 6 

Fesbrededeieserededesrre (| dee 8O8, 4 

tetetersdewteretteseds ] | eet BOB, G 

TIMEFUNCTION 7 

iitiiie), wr 792, 0 

teekinvekkaek J kk 792, O “ 
gee TIMEFUNCTION & 

doiideirdedidesetreeQ) 775. 5 

weobvevevedeteoevevereds Jee 775. 5 





#* THESE TIMEFUNCTIONS DEFINE THE HIGH TEMP. SIDE OF THE MODEL 


tetinties TINEFUNCTION 2 











soe] 1863, 3 
TIMEFUNCTION 10 
veosessesew Qtr 846. d 
sveredetetrte ] e846, 
oe 11 
OQ, #7830. 0 
Beale 830, 0 
ee lule: pe NGTICS 2 





eae “ 
Feserevetetesseseieiess J eet 780. O 


wa 6 THIS TIMEFUNCTION DEFINED THE MIDNODES FOR THE INNER PART OF THE HEADER 





seerereserte TT" TEFUNCTION 15 
oar ve prs 7. 2 
eves], we B77, 2 









Sevedse 


=a THIS TIMEFUNCTION DEFINES THE MIDNODES FOR THE OUTER PART OF THE HEADER 





sneer WORKSTATION SYSTEM=4 DEVICE=0 OPTION=0 


week THE MATERIAL PROPERTIES ARE DEFINED 
* COMMENT LINES 110: 116 
weMATERIAL 1 TYPE=TEMPDEP-K 


severevesve 70.0 20. 70 
vevevewee709200.0 21.16 
sedeteteer4 OO. 0 21.40 
weer G00.0 20.93 
deve BOO. 0 20.0 
WREEKEGOO,O 19.3 


week THE TEMPERATURES ARE IN DEGREES F 


* COMMENT LINES 120: 126 i 

MATERIAL 1 THERMO-ELASTIC TREF=0. 0 
70.0 29900000 0.3 0.00000644 

200.0 29500000 .2 (0, 0000067 2 

400.0 28600000 0.3 0.00000706 

600.0 27400000 0.3 0.00000739 

800.0 §25700000" Ona CO] 0co0n7E1 

900.0 24500000 0.3 0.00000772 


* 

week THE ELEMENT IS DEFINED 

eves EGROUP 1 THREEDCONDUCTION M=1 
EGROUP 1 THREEDSOLID M=1 
STRESSINAUES I le23& 5 6 7 €8 F IO Nil IZ is ds iS i¢é 
EDATA/ENTRIES EL TABLE PRINT 


d 1 YES 
SlIEP 1 fo 
288 1 YES 


ate 
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Je 
ray 


wee THE COORDINATES FOR THE INNER TUBE ARE DEFINED 


SYSTEM 1 TYPE=CYLINDRICAL X=9.4 Y=1.0 4=1.125 


COORDINATES/ENTRIES NODE R THETA XL 
On OS 0 0.0 
Oo os 0 0.0 
O63 0 0. 156 
Oo #5 0 O. 156 
Or63 0 Ome 
O75 0 0.218 
OSes 0 20 
O. #5 0 ao 
0.63 0 4.0 
O, 7S 0 4.0 
0. 75001 0 2510) 


LINE CYLINDRICAL 
LINE CYLINDRICAL 
LINE CYLINDRICAL 
LINE CYLINDRICAL 
LINE CYLINDRICAL 
LINE CYLINDRICAL 
LINE CYLINDRICAL 
LINE CYLINDRICAL 
LINE CYLINDRICAL 


ee 
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LINE CYLINDRICAL 10 10 6 1 


LINE CYLINDRICAL 11 11 6 1 
* 


J 


wik THE MESH FOR THE INNER TUBE IS GENERATED 


is 


GVOLUME 10 1099 8877 §EL1=6 EL2=1 EL3=4 NO=20 
GVOLUME 8 8 7 7 6 65 5 EL1=6 EL2=1 EL3=4 NOQ=20 
GVOLUME 6 65 5 4 4 3 3 EL1=6 EL2=1 EL3=1 NO=20 
GVOLUME 4 4 3 3 2 2 1 1 EL1=6 EL2=1 EL3=1 NO=20 
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wie = THE COORDINATES FOR THE OUTER TUBE ARE DEFINED 
ve 


SYSTEM 2 TYPE=CYLINDRICAL X=9.4 Y=3.0 Z=1.125 


COORDINATES/ENTRIES NODE R THETA XL 
463 O63 0 -0,. 4564 
464 Chi 0 -0.49 
465 0. 63 0 =0.09327705 
466 0.75 0 =O 11162673 
479 0.63 180 =O7 0056 
490 Ol. #S 180 AN) 10) 7 
467 0:63 0 CORPS 
468 Ol. 7S 0.218 
469 Omos 0 1. 64381482 
470 0.75 0 1 olg5 9259 
471 0.63 0 4.0 
Aig. Ore. 0 4.0 
473 Br s001 0 1.61759041 
589 0.75001 180 1. 94537256 
474 0.63 30 -0. 43276688 
475 O09 60 =O 3062 
476 0.63 90 =02.26 
477 0. 63 120 =Oeeho iS 
478 0. 63 150 = Ome lecnie Slee 
480 0. 63 210 10 elo 102: 
481 Ones 240 ai Oemibo sls 
482 0. 63 270 a Oerao 
483 On63 300 =U s052 
454 O03 330 -0. 43276688 
485 ORS 30 -0. 46186535 
486 Me YS 60 a UkeSIO 
467 Oe75 90 aU eeea 
458 ORS 120 Sey 
489 Ones 150 -0. 09813465 
491 Oe 7S 210 -0. 09813465 
492 0, 7S 240 =), 175 
493 Oo BS 270 SOAS 
494 On 75 390 SO Sta) 
495 ORS 330 -0. 46186535 
584 0.75001 30 11939545765 
2e5 0. 75001 60 169953594 
566 O. 73001 50 1. 78148148 
587 0.75001 120 1. 86342702 
588 0.75001 150 i254 133k 
590 Do FIO 21) 1.92541551 
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FWNHF OW MAID UI Ww 


ia in a 
Au wu 
OO Mmm AY 


ni 
ON 
re 


463 463 474 475 
476 STEP 1 TO 484 
464 464 485 486 
SO7 ee over 1 TOS495 
465 465 496 497 
a7o sitP 1 10 506 
466 466 507 508 


in 
ay 
Mn 


34 


240 


330 


OQooooo OOFRP EHH 


PRE Pee eee Pee eee ee PP ee OOOOOOoOOoOO°o 


- 86342702 
- 78148148 
- 69953594 
63954765 
. 08036908 
. 04510387 
. 0030693 

. 05124247 
. 08650768 
. 09941564 
. 08650768 
- 05124247 
. 0030693 

- 04510387 
. 08036908 
209626212 
- 05427972 
. 0030693 

. 06041831 
. 10240071 
ele 76752 
. 10240071 
. 06041831 
. 0030693 

. 05427972 
“09626212 
. 66225867 
. 71264813 
. 78148148 
. 85031484 
. 9007043 

. 91914817 
. 9007043 

» 85031484 
. 78148148 
. 71264813 
66225567 
63954951 
. 69953704 
. 78148148 
. 86342593 
. 92341346 
«94537037 
. 92341346 
86352593 
. 78148148 
. 69953704 
63954951) 


pOgeemar | 10 517 
LINE CYLINDRICAL 467 467 6 1 
LINE CYLINDRICAL 468 468 6 1 
LINE NODES 469 469 540 541 
Soeeouer 1 TO 550 
LINE NODES 470 470 551 552 
SSorcler 1 10: 561 
LINE CYLINDRICAL 471 471 6 1 
LINE CYLINDRICAL 472 472 6 1 
LINE NODES 473 473 584 585 
586 STEP 1 TO 594 


* 
a THE MESH FOR THE OUTER TUBE IS GENERATED 
GVOLUME 472 472 471 471 470 470 469 469 EL1=6 EL2=1 EL3=4 NO=20 
GVOLUME 470 470 469 469 468 468 467 467 EL1=6 EL2=1 EL3=4 NO=20 
GVOLUME 468 468 467 467 466 466 465 465 EL1=6 EL2=1 EL3=1 NO=20 
GVOLUME 466 466 465 465 464 464 463 463 EL1=6 EL2=1 EL3=1 NO=20 
* 
| wee =THE COORDINATES FOR THE HEADER AROUND THE TUBES ARE DEFINED 
ws 
SYSTEM 3 TYPE=CARTESIAN K=9.4 Y=0 Z=0 


le 
3 


wk INNER TUBE HEADER NODES 


ste 
ae 


COORDINATES/ENTRIES NODES X iY Z 
325 0.0 0.0 0.0 
26 0.156 0.0 0.0 
927 OF 218 0.0 0.0 
928 Bald) 0.0 0.0 
Sas 0.0 0.0 ee 
930 0. 156 0.0 25 
Seal Ores EO eel 
952 2.0 0.0 ibe S 
Jes 0.0 0.0 Zee) 
934 0. 156 0.0 22D 
985 0.218 OO LEDS, 
9G bol OO Deel) 
er 0.0 ane 0.0 
958 0. 156 a) 0.0 
SES 0. 218 oO. , 0, 
940 Za Za 0.0 
94] 0.0 Zon eS 
922 G@; 156 Zanw) lew 
943 OReZaleS nd) 1.225 
954 Pero ZO Tac 
945 Ono 2.0 een 
946 0.156 Za) Ze 
9.7 0.218 Ze Lee 
945 eno) Za) oe 


pe eo eCret LeCES ERs Gr THE TUBES FOR MESH GENERATION 


G43 0.0 1.0 ieee 


te 
cn 


we 
7 


werk 


we 
7 


ale 
7 


NODES FOR 


950 O.56 10 lls 
951 O72 Us Lag Tyi2s 
2 50 110 eels 
os 0.0 3. (¢ eS 
954 Gra6 3.0 Irel2> 
a5 On 216 SnG lees 
956 a) 30 T1253 
THE OUTER TUBE HEADER 

1230 1.41 4.7 2o25 
1231 0.218 4.2764467 2.25 
es 2 =O emmlezalt 4. 13822335 92525 
SS) =O 36 4.0 22S 
1234 1.41 4.7 ees 
1235 0.218 4.2764467 eles 
1236 (oa eelt 4. 13822535 ies 
W237 =O) 56 4.0 eS) 
1238 1.41 4.7 0.0 

ee 0.218 4,2764467 0.0 

1240 (Oem eyelt 4 138223350000) 0 

1241 eis 4.0 0.0 


GENERATION OF THE MESH FOR THE INNER TUBE HEADER 


LINE NODES 123 125 124 


LINE ARC 68 
LINE ARC 46 
LINE ARC 24 
GVOLUME 948 
GVOLUME 947 
GVOLUNE 946 


LINE NODES 

LINE ARC 70 
LINE ARC 48 
LINE ARC 26 
GVOLUNE 936 
GVOLUME 935 
GVOLUME 934 


70 NCEN=951 EL=1 M=1 NCO=ALL 

48 NCEN=950 EL=1 M=1 NCO=ALL 

26 NCEN=949 EL=1 M=1 NCO=ALL 

936 125 123 947 935 70 68 ELI=1 EL2=1 EL3=4 NC=N 
935 70 68 946 934 48 46 EL1=1 EL2=1 EL3=1 NC=A 
934 48 46 945 933 26 24 EL1=1 EL2=1 EL3=1 NC=A 


UZSel27 126 


72 NCEN=951 EL=1 M=1 NCO=ALL 

50 NCEN=950 EL=1 M=1 NCO=ALL 

28 NCEN=949 EL=1 M=1 NCO=ALL 

932 127 125 935 931 72 70 EL1=1 EL2=1 EL3=4 NC=N 
931 72 70 934 930 50 48 EL1=1 EL2=1 EL3=1 NC=A 
930 50 48 933 929 28 26 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 127 129 128 


LINE ARC 72 
LINE ARC 50 
LINE ARC 28 
GVOLUNE 932 
GVOLUME 931 
GVOLUME 930 


74 NCEN=951 EL=1 M=1 NCO=ALL 

52 NCEN=950 EL=1 M=1 NCO=ALL 

30 NCEN=949 EL=1 M=1 NCO=ALL 

928 129 127 931 $927 74 72 ELI=1 EL2=) 5 ELo=4Ne=N 
927 74 72 930 926 52 50 EL1=1 EL2=1 EL3=1 NC=A 
926 52 50 929 925 30 28 ELiJ—) Elz=l ELo-i cK. 


LINE NODES 129es e130 


LINE ARC 74 
LINE ARC 52 
LINE ARC 30 
GVOLUME 928 
GVOLUME 927 


76 NCEN=951 EL=1 M=1 NCO=ALL 

54 NCEN=950 EL=1 M=1 NCO=ALL 

32 NCEN=949 EL=1 M=1 NCO=ALL 

940 131 129 927 939 76 74 EL1=1 EL2=1 EL3=4 NC=N 
939 76 74 926 938 54 52 EL1=1 EL2=1 EL3=1 NC=A 


* 


week GENERATION OF 


We 


GVOLUME 926 938 54 52 925 937 32 30 EL1=1 EL2=1 EL3=1 NC=A 


DINGSNODES 131 11132 

LINE ARC 76 6 NCEN=951 EL=1 M=1 NCO=ALL 
LINE ARC 54 & NCEN=950 EL=1 M=1 NCO=ALL 
LINE ARC 32 2 NCEN=949 EL=1 M=1 NCO=ALL 
GVOLUME 940 
GVOLUNE 939 
GVOLUNE 938 


LINE 
LINE 
LINE 
LINE 


NOvES 1) 123 122 

ARC 6 68 NCEN=951 EL=1 M=1 NCO=ALL 
ARC 4 46 NCEN=950 EL=1 M=1 NCO=ALL 
ARC 2 24 NCEN=949 EL=1 M=1 NCO=ALL 


944 11 131 939 943 6 76 EL1=1 EL2=1 EL3=4 NC=N 
943 6 76 938 942 4 54 EL1=1 EL2=1 EL3=1 NC=A 
942 4 54 937 941 2 32 EL1=1 EL2=1 EL3=1 NC=A 


GVOLUME 944 948 123 11 943 947 68 6 ELi=1 EL2=1 EL3=4 NC=N 


GVOLUME 943 947 68 
GVOLUME 942 946 46 
THE MESH FOR THE 


LINE 
LINE 


NODES 587 
NODES 532 
DRXE NODES 510 512 511 
LINE NODES 488 490 489 
GVOLUME 948 944 589 587 
LINE NODES 532 510 891 
GVOLUME 947 943 534 532 
LINE NODES 510 488 909 
GVOLUME 946 942 512 510 945 


589 
534 


388 
533 


943 534 532 


942 512 510 


941 490 488 
LINE 
LINE 


NODES 589 
NODES 534 
EUNBPRODES S12 514 513 
LINE NODES 490 492 491 
GVOLUME 944 940 591 589 
LINE NODES 536 514 893 
GVOLUME 943 939 536 534 
LINE SODES 514 492 911 
GVOLUME 942 938 514 512 


S21 2390 
530) 335 


939 534 


938 ppleZ 


937 492 490 


LINE NODES 
LINE NODES 
LINES NODES 
LINE NODES 


Sol 
536 
514 
492 


575 oe 
SSMS 7 
Sees 
494 493 


EL1=1 
ELI=1 


ELI=1 


EL1=1 
ELI=1 


EL1=1 


OUTER TUBE HEADER 


El2=1 
EL2=1 


EL2=1 


EL2=1 


EL2-1 


6 942 946 46 & ELI=1 EL2=1 EL3=1 NC=A 
4 941 945 24 2 EL1=1 EL2=1 EL3=1 NC=A 


EL3=4 NC=N 
EL3=1 NC=A 


EL3=1 NC=A 


EL3=4 NC=N 
EL3=1 NC=A 


EL3=1 NC=A 


GVOLUME 940 1238 593 591 939 1239 538 536 ELI=1 EL2=1 EL3=4 NC=N 


DIXE ODES 538 516 694 


GVOLUNE 939 1239 538 536 938 1240 516 514 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 516 494 912 
GVOLUME 938 1240 516 514 937 


LINE NODES 593 473 


594 
LINE NODES 538 468 539 
LINE NODES 516 466 517 
LINE NODES 494 pia 4°5 
GVOSerE 1736) 1234 473 


GW@merm 1239 1235 466 332 


1241 494 492 EL1=1 EL2=1 EL3=1 NC=A 


593 1239 1235 468 538 EL1=1 EL2=1 EL3=4 NC=N 
1240 1236 466 516 EL1=1 EL2 


=1 EL3=1 NC=A 


ve 


% 


we 


a. 


Cl 


av 


GVOLUME 1240 1236 466 516 1241 1237 464 494 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 473 585 584 
LINE NODES 468 530 529 
LINE NODES 466 508 507 
LINE NODES 464 486 485 


GVOLUME 1234 1230 585 473 1235 1231 530 468 EL1=1 EL2=1 EL3=4 NC=N 


LINE NODES 530 508 890 


GVOLUME 1235 1231 530 468 1236 1232 508 466 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 508 486 908 


GVOLUME 1236 1232 508 466 1237 1233 486 464 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 585) 587 386 
IGN; NOI S30 S32 SS. 
LINE NODES 508 510 509 
LINE NODES 486 488 487 


GVOLUME 1230 948 587 585 1231 
GVOLUME 1231 947 532 530 1232 
GVOLUME 1232 946 510 508 1233 


SYSTEM N=0 


COORDINATES/ENTRIES NODE 
1366 
1367 
1368 
1369 
V7.0 
eel 
1372 
RS Ye) 
1374 
1375 
1376 
RSH 
1378 
VS79 
1380 
eS iealt 
1382 
1383 
1384 
1385 
1386 
1387 
1388 
eee 
1396 
NES Sal 
S12 
13 .9)3 
1394 
SS 


tek THE COORDINATES FOR THE REST 


CONMNNOCONNOOWWOHHP FE WWUNE EAA D A I ~10 0 4 


a 


947 532 530 EL1=1 EL2=1 EL3=4 NC=N 
946 510 508 EL1=1 EL2=1 EL3=1 NC=A 
945 488 486 EL1=1 EL2=1 EL3=1 NC=A 


OF THE HEADER ARE DEFINED 


y Z 
09 6.32 0.0 
09 Soe 2,25 
86 4.67 0.0 
86 4.67 2a 
9 Cra 0.0 
2 6.49 225 
644 4.85 0.0 
644 4.85 2 
Soil Geo7 0.0 
cal Gno7 Ze 25 
oY 4.6 0.0 
So 4.6 ae 
16 Seo 0.0 
16 Sar 2a 
3 057 0.0 
3 4.057 2e25 
95 4.61 0.0 
oo 4.61 ees 
oil Sees 0.0 
onl oss) 2225 
77 3.03 0.0 
77 oeOs 2n25 
53 2336 0.0 
So 2. 350 eee 
17 less 0.0 
17 ees 2525 
046 ieee 0.0 
046 e272: 225 
0 0.0 0.0 
0 0.0 Leee 


38 


1396 1. 87 0.0 0.0 
SS doe O70 oe 
1398 Bee Sane 0.0 
1399 Sune Soe ane 
1400 8.065 4.945 Ol, @ 
1401 8.065 4.945 eee) 


* 

tome THE MESH FOR THE REST OF THE HEADER IS GENERATED 

w 
GVOLUME 1238 1230 1231 1239 1366 1367 1399 1398 EL1=2 EL2=4 EL3=1 
GVOLUME 1239 1231 1232 1240 1398 1399 1401 1400 EL1=2 EL2=1 EL3=1 
GVOLUME 1240 1232 1233 1241 1400 1401 1369 1368 ELI=2 EL2=1 EL3=1 
GVOLUME 1367 1366 1370 1371 1369 1368 1372 1373 EL1=2 EL2=1 EL3=6 
GVOLUME 1371 1370 1374 1375 1373 1372 1376 1377 EL1=2 EL2=1 EL3=6 
GVOLUME 1375 1374 1378 1379 1377 1376 1380 1381 EL1=2 EL2=1 EL3=6 
GVOLUME 1379 1378 1382 1383 1381 1380 1384 1385 EL1=2 EL2=1 EL3=6 
GVOLUME 1383 1382 1386 1387 1385 1384 1388 1389 EL1=2 EL2=1 EL3=6 
GVOLUME 1387 1386 1390 1391 1389 1388 1392 1393 EL1=2 EL2=1 EL3=6 
GVOLUME 1391 1390 1394 1395 1393 1392 1396 1397 EL1=2 EL2=1 EL3=6 

see THE BOUNDARY CONDITIONS FOR THE HEADER ARE DEFINED 

werk WHEN USING ADINA-T, COMMENT OUT LINES 526: 586 

” 

wee THE NODES AT THE CENTER OF THE TUBES ARE FIXED 

ve 
BOUNDARIES 111111 TYPE=NODES/949 STEP 1 TO 956 


vex THE NODE AT THE ORIGIN IS FIXED 


of 


BGGEDARIES 111111 TYPE=NODES/1892,1891,1893,1394,1395 


tt THE NODES ABOVE THE ORIGIN ARE ONLY ALLOWED TO ROLL IN THE X-DIRECTION 
iy 
BOUNDARIES 011111 TYPE=NODES 
Seen lol5> 1018 1023 1026° 1031 1034 1039 931 1043 930 1046 929 
1895 1902 1906 1913 1917 1924 1928 1935 1939 1946 1950 1956 


“ss THE NODES IN THE Y=0 PLANE ARE CONSTRAINED TO ROLL ONLY IN THAT PLANE 


BOUNDARIES 010111 TYPE=NODES 
936 1013 1049 928 961 1051 966 1017 1053 1054 973 1059 978 1025 1061 1062 
985 1967 990 1033 1069 1070 997 1075 935 1041 1077 927 1004 1079 934 1044 
1980 926 1009 1082 933 1047 1083 925 1394 1395 1891 1893 1894 1896 1900 
1901 1903 1904 1905 1907 1911 1912 1914 1915 1916 1918 1922 1923 1925 1926 
1927 1929 1933 1934 1936 1937 1938 1940 1944 1945 1947 1948 1949 1951 1396 
ee 1959, 1957 


we 


*% THE NODES IN THE Z=0 PLANE ARE CONSTRAINED TO ROLL ONLY IN THAT PLANE 


BOUNDARIES 001111 TYPE=NODES 


1 B 3 4 5 6 7 8 z 10 le 17 
39 se 61 72 83 94 105 le ey 123 136 9 1 
145 14 Se 157 163 166 169 WS 131 184 187 190 1 
a) aus 2b5 aie 2a 223 226 2S ere 255 Bes 247 Z 


28 
4&2 
oS 
50 


2g 
307 
361 
415 
454 
473 
598 
649 
703 
fol 
805 
859 
904 
1020 
1063 
133 
1163 
1202 
1283 
1304 
1412 
1457 
1500 
1545 
US92 
1637 
1682 
Pied 
Ego 
1819 
1865 
1953 


265 
310 
367 
418 


479 
601 
652 
709 
754 
811 
865 
907 
1022 
1071 
1140 
UG? 
1204 
1285 
305 
1415 
1460 
1504 
1548 
1596 
1640 
1685 
eZ 
Lea 
1822 
1869 


1144 
1176 
1210 
1288 
1308 
1421 
1466 
ness 
a6 
1603 
1648 
UO 
1740 
1784 
1828 
1876 


274 
B25 
376 
427 
464 
a12 
610 
667 
Fadl 
Teg 
823 
877 
916 
1030 
1124 
1146 
el 
WME 
1289 
1310 
1425 
1469 
1515 
So 
1606 
Goul 
1696 
1743 
1788 
1832 
1880 


277 
328 
579 
430 
465 
Se 
613 
670 
Gay 
fe 
829 
880 
Sis, 
1032 
i © 
1147 
1182 
1222 
ea 
eS tal 
1429 
1472 
eee 
ESOS 
1609 
1655 
Aloe 
1746 
oe 
1836 
1883 


week THE INTERNAL PRESSURE LOAD IS APPLIED 


Yeters WHEN USING ADINA-T, COMMENT OUT LINES 593: 


ate 
7 


LOADS ELEMENT 


ae OO 


Sig? ol 
A are 


TO 
700 


555-3 700 


SEP sd 


TO 


G0 =3 7/00 


1S) 
SEs eam 
120) 33 
1263-3 
STEP 6 
sae 
EO oe 
204) =2 
BUS =) 


700 
TO 

700 
700 
TO 

700 
700 
700 
700 


SE ae eae) 


Zor aS 


700 


40 


280 
331 
385 
433 
466 
534 
619 
673 
730 
dds 
832 
883 


1036 
1128 
1148 
1184 
1234 
2S 
1313 
1433 
1475 
Nee 
1567 
1612 
1659 
L/OS 
1749 
195 
1839 
1886 


613 


283 
334 
391 
436 
467 
545 
625 
679 
133 
781 
835 
* 886 
941 
1038 
1130 
1150 
1187 
1235 
i> 
1320 
1437 
1478 
1526 
1570 
Teds. 
1662 
ON 
W752 
VA? 
1843 
1889 


289 
343 
Sor 
442 
469 
567 
631 
688 
739 
790 
841 
892 
943 
1042 
aes 2 
1153 
Wa 
1237 
1297 
1336 
1445 
1486 
1533 
1578 
W622 
1670 
1714 
1758 
1806 
1850 
SOK, 


162 
167 
172 
176 
181 
185 
198 





Zioe-3 700 
STEP 12 10 
2eGe=5 700 


wee THERMAL LOAD 

%* COMMENT LINES 617:620 

wee INITIAL TEMPERATURES 

we 17 350.0 

“ae STEP 1 TO 

#81957 350.0 

wiewes WHEN USING ADINA, COMMENT OUT LINES 623: 849 


ake 
ry 


wee LOADS TEMPERATURE 
me INNER NODES OF THE HEADER 


ves LOW TEMPERATURE SIDE OF MODEL (Z=0. 0) 


oO 


ee et et DY PO 
iS 


Feed pee pean a pede een pee peepee pe 
oO 
4 
a 


Oo Oo & OW Wo & Oo [= 


Oo o 
> WwW 

4 4 

oO oOo 





hres RAR Rr bt 
so 


Oe SO a SS 





SPR ee he rr be 


© 
3 
iS 


wik 1932 
vet 1517 
week STEP 
wie 4937 


weve 1070 
ate 1105 
wk 1106 
wie 1262 
wee 1263 
werk 1411 
awkke 1439 
vive 1501 
wie STEP 
teiet 1921 
ved 1506 


ved 1926 


sovede 928 





wei 1085 
wee 1238 
deve’ 1242 
eet 1366 
wie STEP 
wk 1394 
voteve 1402 
wiv T4700 








a 
- > & 


EARP ewe PRR EAN tt 
in 


PAA RE RES Rt pet 


a 


So 
CS 
S 


Mannan 


Oo oO 
uw 
4 4 
oO oO 


DAANDADAAAAH 


oO o 

HR HAO 
=I 4 
Oo S) 


= 

~~ ee 
I 
oO 


© 
“I 

4 

oO 


COMmMOH DAMM MDADAOD 


STEP 
1890 


HIGH 


98 
94 
1010 
125 


© 13965 


STEP 
leo7 


we 1461 


Eel 532 
OEP 


= 1952 


atone 
aveves 





934 
94 


* 1005 
P22 


1364 
1401 


1452 


war 1521 


k STEP 
me 1941 
rick 1324 


* STEP 
fie 1946 








ft 1363 
mt 1399 


1416 
1510 
STEP 


S939 
2 ALS 0S 
Serceueay 


i923 


988 
759 
990 
NSS5 


cas 
ore 


144 


1499 


STEP 7 


70 TO 
1c 


TEMPERATURE SIDE OF THE MODEL (Z=2. 25) 


a ee ee a 
oO 
4 
Oo 


bo Rey beeen ie 


Re ep 
oO Oo 
ww w 10 10 10 110 10 10 
4 4 
Oo Oo 


ee 
es 
cs) 


pe es | YL 
ioe? 1 11 


43 


wiek STEP 
dekke 1922 
dedede 976 
wekek = 80977 
dete 978 
veveve 1327 
wisde 1355 
vee’ 1410 
week 1435 
wikis [488 
week STEP 
wk 1908 
wkke 1491 
aike STEP 
week 791] 
weds =— 6G 
sedede 965 
devevs 966 
wie 1319 
wie 1351 
wk 1407 
wake 14971 
west’ 1477 
wiek STEP 
vet 1897 
feist 1480 
wk STEP 
wistk 1900 


936 
948 
957 
20) 
LO 
fut 1367 
wick STEP 
week 1395 
ties 1404 
week 1468 
vouk STEP 
wk 1888 





wee THE MIDNODES OF THE INNER PART OF THE HEADER 


teas 929 





Meee eee 
0 
N 


MPRA 
oS 

aa 

Nhe 
Oo 


ee 
e 
uy 
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ick 


i361 15 


THE MIDNODES OF THE OUTER PART OF THE HEADER 


932, 1 16 
944 1 16 
* 1234 1 16 
* 1418 1 16 
+ lay2 1.16 
1542 1 16 
162 1 16 
1682 1 16 “ 
i7s2 1 16 
e222 1 16 
Sez 1 16 


THE FOLLOWING CONSTRAINTS ARE NECESSARY BECAUSE COORDINATES 
WERE DUPLICATED IN THE GENERATION OF THE MESH FOR THE HEADER 
AT THE BOUNDARY OF THE TUBES 


WHEN USING ADINA-T, COMMENT OUT LINES 856: 1325 


CONSTRAINTS 
956.1) 1019 1 
Jepee 1019 2 
wioces 10193 
TOZOR AOES) 1 
ozo 21055 2 
Hose 1 1091 1 
eee 21091 2 
Ise 3s 07) 3 
Ze eC 1 
Ieee ceOg 2 2 
th2753 1092 5 
iio 1 ires 1 
eS Sie elelaone 
967 1 1160 1 
967) 2 1160 2 
S67 3 1160 3 
960° 1 1027 1 
Os Ome Oia 2 
Dis Sy Mee 7 ss 
zo 11063 1 
zs 251063 2 
Wise 1 1029 1 
1064 2 1099 2 
tes. 3 1099 3 
SOO mL 
iso: 2 21Oo! 2 
SS) 3 PINOY 3 
ees 1 1136 1 
ies 251185 2 
979 1 1164 1 
Paeee TES. 2 
979935 Lito 3 


O92 e125. I 


us 
we 


eee) 


1356 
LS Se. 


Oo eels 2 
OO 2 oes 5) 
1as6re 107d" 2 
HOS 2 lon 2 
lo7Z 1 07 1 
Oe lel Oe 
Aare mele OKs 
1143 1 1108 1 
1143 2 1108 2 
1143; 3 1108 3 
1167 1 1144 1 
1167 2 1144 2 
291 les 1 
9902 Ties 2 
991 Sees 
115892 Si 
lpleS Gime el lee ame 
sles ic mes mel eas) 
il Sl ys el let) 
DOS e ee leOieZ: 
Zo ee2 ee 
Diese ee eeor 2 
ele re well ees 
PZ d2a8 1 
U2 2 MN 2e6 2 
Ras eel Ces) 
1284 1 1249 1 
1284 2 1249 2 
T2644 93 
IZO 1 tees 2 
IS20 2 Wess 2 
Toe 1527) 1 
taee2. 1321 2 
Sy aro mle ales 
1p Omen oso 
iC mrC mmo) 2 
PAO 5353 
italics ice al 
ae eS a2 
dgice Sides 3 
ES y/ae lee aio me 
ie7 2a 216: 1 
ilk Sel aes | 
ES Seales ee 
Semel Zam 
1h 7a lbs] mee 
UZiezeli2zo6. 2 
USS 2 56. 3 
ibs ra 20597 
RAS ae lore 
1292 3 2357 3 
IBZ Oe le lets 2 
NS 2 Ciera es 
1 1 
2 eG 


46 


1266 3 1929 3 
1466 1 1357 1 
diiso 2 135702 
1186 3 1357 3 
Tee ail O3~ 1 
deweo 2 1193 2 
I66 3 1193 3 
EUS Se leet oy 
ie 2 ieee 2 
Hele leet eeyle 
disi 2 1221 2 
pied 3ere2) 3 - 
1223 1 1265 1 
des 2 1264 2 
1223 3 1264 3 
4200 1 2265 1 
P90 201265 2 
#500 3 1265 3 
Hoe6 1 1201 1 
1336 2 1301 2 
1360.1 1337 1 
Heoe. 2 Wes7 2 
Hoo. 3 1337 3 
mee 1 1361 1 
Pies 2riool 2 
digs 3 1561 3 


se 


we 


vere THE FOLLOWING CONSTRAINTS DEFINE THE CONTACT SURFACES 


eooee 1iZh 2 
Zoe 2 Foe 2 

Zee 3 962 3 

Zee Jos. 2 

Zoo S658 3 

Zoo. 2 1976 2 
Sree oman 2 
Zoe Ss 05253 
288 2 1088 2 
Zon 3 1066 3 
Gem 2 Wear 2 
See 2) Gray 2 

see 3 GFE 3 

SE a2 oi 2. 

San 8 Ons: si 

326 2 1024 2 
D292 Wiew, 2 
B2983 W060" 3 
o30 2 1096 2 
goUy3 1096 3 
Sey 2. 11mO 2 
Sas 2 986° 2 

368 3 986 3 

SEO? Su 2 

Seue.S 95e 3 

370 9 


2a 


371 


WMWHM WH WMH WM WMH WH WWMM WOM WMM Wh WNHNHWNHWNYND WN WNNH WH WNHN WH WN HD Wh WH 


1068 
1068 
1104 
1104 
1148 
mee 
92565 
ee mee 
ooo 
1040 
1076 
1076 
oie 
ia 
eee 
ABU 
ion 
ai 
tei 
1176 
1208 
1208 
1245 
1245 
1289 
neg 
ya 
1183 
1183 
1184 
1214 
1214 
25 
1255 
PAN 
L3os 
HIE 
Leia 
USE 
Hele 2 
AZO 
1220 
1262 
1264 
1305 
1341 
1341 
Tig? 
LS 
1200 
1226 
1226 
1269 
Zee 


ho WD Po © fo 


WMHWNHMNMWNHWNMNWNWNHMDNM WH WMH WNW NNMWNWNNWNMWNNH WN WNNH Wh Wh 


4S 


THESE ARE THE CONTACT SURFACES FOR THE 3-DIMENSIONAL MODEL 


CGROUP 1 CONTACT3 


CONTACTSURFACE 1 IS THE HEADER 


CONTACTSURFACE 1 


Omn~InU FW e 


eS 
969 
981 
993 
124 
970 
982 
994 
125 
ora 
983 
995 
1126 
1021 
1029 
SOS 7 
a7 
OR 
1030 
1038 
2S 
Oe 
1065 
ORS 


124 
970 
982 
994 
125 
oral 
963 
925 
126 
1621 
1029 
O37 
M27 
1022 
1030 
1038 
128 
1057 
1965 
1073 
WB 
1058 
10€6 
1074 
13/9 
1093 
1101 
1109 
131 
10946 
a2 
LEO 
si 
1D 
BRS 7, 
1145 


DSO 
1138 
1156 
122 
iam 
1165 
1169 
eS 
969 
981 


970 
982 
994 


7a 
983 
oe 


Oa 
MOS) 
1037 


1022 
1030 
1038 

hee. 
1057 
1065 
1073 

aS 
1058 
1066 
1074 


1093 
1101 
BCS 

75 
1094 
elo 
ceo 


129: 
Tee 7, 
1145 

77 
BESO 
ISS 
1146 


1161 
1165 
AGS) 
67 
969 
981 
993 


AROUND THE INNER TUBE 


969 
981 
eig3 


970 
982 
994 


oval 
983 
995 


LOZ). 
1029 
WS 7 


1022 
1030 
1038 

ie 
WOS7 
1065 
OMS 


1058 
1066 
1074 


1093 
1101 
INOS 

PS 
1094 
M2 
1110 


29 
MWAS7 
1145 

77 
1130 
1138 
1146 


1161 


1165 
olla? 


49 


48 ie? o95) 68 67 


“ee ~=CONTACTSURFACE 2 IS THE HEADER AROUND THE OUTER TUBE 
ve 


CONTACTSURFACE 2 


ate 
2 


i 585 586 1354 eS 
2 iS 1354 1358 jee 
3 1331 S56 1362 389 
4 1339 1362 Sigil 250 
5 586 587 1180 1354 ‘ 
6 1354 1180 1188 1358 
7 1358 1188 1196 nsGz 
8 1362 1196 5e2 Seal 
2 Dou 588 1181 1180 


10 1180 ESAT 1189 1188 
i 1188 1189 NESE 1196 
eZ 1196 SY 5o3 ba2 
i 588 56" 1182 Ie 7 
14 Pied 1182 1190 1189 
Ls ES 1190 1198 Coy 
16 Le P 1136 534 Soo 
Ly 589 590 212 Pee 
18 ee 22 1218 ae 
iy ILA WAS 1224 1198 
20 1198 1224 jas 534 
ll 590 Sol Zane ale 
a Pee i203 Loa 1218 
aS ES 1215 1225 1224 
24 1224 1225 536 Ses 
25 Sigal ie 1250 aT 
26 Paes 250 i256 wag 
ea ay 1258 1266 25 


2 a> 1266 Soi 536 
29 SZ 593 25 1250 
30 250 Sy 2) 1258 
ot L256 1239 267 1266 
Bi 1266 1267 538 Soy 
aS Bigs 594 1286 Sel 


34 ey 1286 1294 Zo 
op oe 1294 WIO2 1267 
36 1267 1302 D302 Boo 
iy 594 473 W267 1286 
38 1286 1287 295 1294 
Be 1294 W295 1303 S02 
40 S02 1303 468 Se? 
41 473 584 S22: ey 
42 Cy eS eZ 1330 12.95 
43 1295 1330 1338 1303 
44 1308 1338 beg 468 
45 584 585 S23 eS 
46 See i323 dsl SS 10 
47 1330 een ee 1338 
48 1338 ieee 530 ag 


50 


we = =CONTACTSURFACE 3 IS THE INNER TUBE 


we 
7S 


CONTACTSURFACE 3 


Worx nu Whe 


49 


uyurdy 
fore © 


195 
Zo0 

90 
297 
339 
ao 
196 
258 


301 


242 


Sy) 
90 
297 
S50 
381 
68 
238 
91 
298 
340 
382 
69 
2239 
2 
299 
341 
Seo 
70 
240 
93 
300 
342 
384 
val 
241 
94 
SO) 
343 
385 
Fae. 
242 
95 
302 
344 
366 
aS) 
eae 
96 
303 
S15) 
Se) 
ro 
244 


oF 


245 


389 


306 
346 


196 
238 

on 
298 
340 
382 
197 
239 

92 
9 
341 
Bos 
198 
240 

Js 
300 
342 
384 
199 
241 

94 
SOM 
343 
385 
200 
242 

95 
302 
344 
386 
201. 
243 

96 
303 
345 
S67 
202 


306 


a 


* 
oak 


le 
46 


ve 


SS 347 
54 389 
55 204 
56 246 
Sy) o9 
58 306 
SS, 348 
60 390 
61 133 
62 2o8 
63 8 
64 295 
65 soy 
66 Bee 
67 194 
68 236 
69 89 
70 296 
rp S20 
ae 380 
CONTACTSURFACE 
CONTACTSURFACE 
1 657 
Z Gogg 
5 SS 
4 ASS 
Si 801 
6 843 
7 656 
8 700 
2 Do 
10 760 
ey 802 
2 844 
iS 659 
14 701 
15 554 
16 761 
7 803 
18 845 
19 660 
20 702 
el oS 
ae 762 
25 804 
24 846 
Zs 661 
26 703 
ey 556 
28 763 
Zao 805 
S10 847 
32 662 


389 
76 
246 
oo 
306 
348 
39:0 
ad 
23) 
8 
PAS) 
ISH 
79 
6 
236 
89 
296 
338 
380 
67 


BoD) 
77 
235 
8 
2b 
Sea 
S79 
6 
236 
89 
296 
338 
380 
67 
Zev 
90 
AY 
aag 
381 
68 


90 
297 
389 
381 


4 IS THE OUTER TUBE 


4 


699 
SSL 
Too 
801 
843 
530 
700 
BS 
760 


700 


554 


534 
704 
S57) 
704 
806 
848 
SS, 
705 


658 


oe 704 Sy) 558 705 


3s So7 764 765 558 
34 764 806 807 765 
5) 806 848 849 807 
36 848 S55 536 849 
oi 663 705 706 664 
38 705 SRG So 706 
39 326 Ue: 766 a59 
40 65 807 808 766 
41 807 849 850 808 
42 849 536 D7 850 
43 664 706 707 665 - 
44 706 Dae 560 707 
45 S59 766 767 560 
46 766 808 809 767 
47 808 850 851 809 
4 850 Day) 538 851 
49 665 707 708 666 
50 707 560 Sol 708 
Sl 560 767 768 Doe 
a 767 &09 810 768 
eS 809 851 852 810 
54 sou, 538 S39 852 
3 666 708 697 655 
56 is teil 470 697 
TF 561 768 757 470 
56 768 810 ase Fw 
Be 810 852 841 799 
60 Sole Dog 468 841 
61 655 697 698 656 
62 697 479 Sol 698 
63 470 757 758 35) Al 
64 nou) ma 800 758 
65 799 E41 842 800 
66 841 468 yee 842 
67 656 693 699 657 
68 698 Sol 52 699 
ee Spel TSS oo Soe 
70 758 890 €01 fo 
a 600 42 643 801 
Be 852 B29 530 845 


we =THE FOLLOWING DEFINE THE CONTACT PAIRS FOR THE TUBE TO HEADER INTERFACE 
CONTACTPAIR 1 C=1 T=3 
CONTACTPAIR 2 C=2 T=4 

viet THE FOLLOWING DEFINE THE GRAPHICS FOR THE HEADER 

FRAME XFMAK= 22. YFMAX= 17.0 XSF= 1.0 YSF= 0.5 


VIEW ID=1l KXVIEW=1 YVIEW=-1 ZVIEW=1 
VIEW i1D=1 AVIEW=O0 YVIEW=0 ZVIEW=1 








THE FOLLOWING ZONES DEFINE DIFFERENT PARTS OF THE HEADER 


nN 
es 


*** INNER TUBE 

teres EZONE TUBE1 

wee 060 6] 2 STEP Te TO 60 

wie == MESH TUBE1 VIEW=1 PLOTAREA=0 


*, 


se 
wee | =©6CO OUTER TUBE 
deeds EZONE, 2UBEZ ; 


vedede Gp Ores eae ime hele 

seid MESH TUBE2 VIEW=1 PLOTAREA=0 
ve 

wie = TNNER TUBE HEADER 

siedeve EZONE IHDR 

Sanaa) bla bbe SiH ce eal) © eles) 

Eee MESH IHDR VIEW=1 PLOTAREA=0 


wie = QUTER TUBE HEADER 

wee = EZONE OHDR 

wake 15/ iSs8ps the sro eZ 

yeretete = MESH OHDR VIEW=1 PLOTAREA=0 


weeds ~=INNER TUBE AND INNER TUBE HEADER 
wears ZZONE COMBO1 TUBE1 IHDR 
weietes = =MESH COMBO1 VIEW=1 PLOTAREA=0 


verte §~=OUTER TUBE AND OUTER TUBE HEADER 
wack ZZONE COMBO2 TUBE2 OHDR 
weve = «MESH COMBO2 VIEW=1 PLOTAREA=0 


72 KES D OF HE: HEADER 

wee = CEEZONE HDR 

we 19S 12s STEY ol TO 286 

werk MESH HDR VIEW=1 PLOTAREA=0 





works = ENTIRE HEADER 
wei ZZONE COMBO3 COMBO1l COMBO2 HDR 
week ~~ MESH COMBO3 VIEW=1 PLOTAREA=0 HIDDEN=REMOVE OUTLINE=YES LINES=-99 
Seed ADINA-T 
ADINA 


a 
alee 


APPENDIX B. ADINA PLOT FILE: PROGRAM SUPHTRTEMP.PLOT 
vette --- ADINA-PLOT INPUT FILE --- 


we 
we 


ve 


wee THIS FILE IS THE RESULTS OF THE ANALYSIS FOR THE LHA-1 CLASS 
* SUPERHEATER HEADER 


week =CONTROL PARAMETERS 
FILEUNITS LIST=7 LOG=6 ECHO=6 
CONTROL ORIGIN=UPPERLEFT 


WORKSTATION SYSTEM=4 DEVICE=0 OPTION=0 


ate 
7s 


we 
iy 


ve ADINA-PLOT CONTROL PARAMETERS 


ate 
oe 


DATABASE CREATE FORMATTED=YES 


ff OEP UNE STRESS POINTS OF THE WELD 
EZONE TUBE1 
Seo ster 1-10 60 
io tO stEP 1 TO 120 


viet GRAPHICS PORTICN 
wit ORIGINAL MESH VS. DEFORMED NESH 


wes = VIEW ID=1 XVIEW=O YVIEW=O ZVIEW=-1 

wi FRAME HEADING=UPPER XFMAX=22.5 YFMAX=17.0 XSF=1.0 YSF=0.5 
wert MESH PLOTAREA=0 VIEW=1 ORIGINAL=1 DEFORMED=2 DMAX=1.0, 

ier  HIDDEN=N LINES=-99 

zoe TABLES AND LISTS OF RESULTS 


ZLIST TUBE] VARIABLES=STRESS-XX STRESS-YY STRESS-ZZ STRESS-xY, 
STRESS-XZ STRESS-YZ 


tay 
‘sya 


APPENDIX C. ADINA-IN INPUT FILE: PROGRAM SUPHTR.IN 


a -- ADINA (INPUT FILE FOR) 3D-HEADEK == 


* THIS PROGRAM IS THE MODEL FOR THE LHA-1 SUPERHEATER HEADER 


“a 


* CONTROL INFORMATION 
FILEUNITS LIST=6 LOG=6 ECHO=6 
CONTROL ORIGIN=UPPERLEFT 
DATABASE CREATE 


weve = ADINA CONTROL INFORMATION 


HEADING '3D-SUPERHEATER HEADER' 


week =~=MASTER DEGREES OF FREEDOM ARE DEFINED 


ale 
7 


MASTER REACTIONS=YES IDOF=000111 
ANALYSIS TYPE=STATIC 

PRINTOUT IV=0 IA=0 

PCRTHOLE FO=YES 


WORKSTATION SYSTEM=4 DEVICE=0 OPTION=1 


vere 6 THE MATERIAL PROPERTIES ARE DEFINED 


MATERIAL N=1 ELASTIC E=29600000 NU=0. 3 


veieve THE COORDINATES FOR THE ENTIRE HEADER ARE DEFINED 


SUBSTRUCTURE 0 


SuSE @ 

COORDINATES/ENTRIES NODE Xx Ni Z 
i 0.0 Ome 0.0 
2 11.4 0.0 0.0 
3 0.0 0.0 ee 
4 11.4 0.0 2n2> 


wees THE ELEMENT 1S DEFINED 


SUESTRUCTURE 1 
EGROUP 1 THREEDSOLID 


As 


w 


STRESSTABLE 


EDATA/ENTRIES EL TABLE 
it iL 
Se cael ©) 
288 i 


Veieeeowees 6 7 82.2 1 
PRINT 


YES 


YES 


were THE COORDINATES FOR THE INNER TUBE ARE DEFINED 


oy 


3 


‘a clan's 
weue 


tik THE 


Ree Re ee 


He 


R 

-63 
75 
63 
75 
OS 
75 
o OS 
ie 
OS 
75 


SoS eo ee) 


2/3001 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


INNER TUBE IS GENERATED 


SYSTEM 1 
COORDINATES/ENTRIES NODE 
aL 
Zz 
3 
4 
5 
6 
7 
8 
9 
10 
i 
LINE CYLINDRICAL 1 1 6 
LINE CYLINDRICAL 2 2 6 
LINE CYLINDRICAL 3 3 6 
LINE CYLINDRICAL 4 4 6 
LINE CYLINDRICAL 5 5 6 
LINE CYLINDRICAL 6 6 6 
LINE CYLINDRICAL 7 7 6 
LINE CYLINDRICAL 8 & 6 
LINE CYLINDRICAL 9 9 6 
LINE CYLINDRICAL 10 10 6 
LINE CYLINDRICAL 11 11 6 
MESH. FOR THE 
GYeGmeIE 10 10999 8 8 
CXOLUME € 8 7 7 6 6 S 
GVOLUNE 66554 4 3 
GVOLUNE 4433221 


THE COORDINATES 


SYSTEM 2 TYPE=CYLINDRICAL 
COORDINATES/ENTRIES NODE 


XL 


NESE NN eo oiere >) 


eooecoe 


TYPE=CYLINDRICAL X=9.4 Y=1.0 Z=1.125 
THETA 


0 
0 


a 


eso 


156 


ea 
ees 


EL1=6 EL2=1 EL3=4 NO=20 


1=6 EL2=1 EL3=4 NO=20 
1=6 EL2=1 EL3=1 NO=20 
1=6 EL2=1 EL3=1 NO=20 


FOR THE OUTER TUBE ARE DEFINED 


463 
464 
465 
466 
479 
490 
467 
466 
46) 


X=9.4 Y=3.0 2=1.125 
THEEA 


R 

63 
I) 
63 
23 
63 
eS 
63 
75 


roo 


are een ene eee 


JIG 


XL 


= 01: 
SOF 
10 
Oe 
ae 
male 
0. 
OF 
Ike 


4564 

49 
09327705 
11162873 
1036 

07 

AUS 

alee, 
64381482 


470 
471 
472 
473 
Boo 
474 
475 


489 
491 


Doe 
Boe 
594 
496 
497 
498 


Sis 
514 
5S 
yale) 


SOS e OSC 16 1S eS OSS) Crete OS eee) CSS OS Oe ee SSS Oro ee Sree eS eae eae aaa 


tn 


oo 


te ee wi a 
oeooocoooocoocooeoooooqoolOoKlOo 


' 
COO Qoraiec eee 


re Sa eee 


t 
Orr Fr 


61759259 


0 


oa) 

- 61759041 
- 94537256 
- 43276688 
O62 

26 

plots 
sl2g2asl2 
lone 
pleas 

eo 

» 3682 

- 43276688 
- 46186535 
OS 

20 

ely 

. 09813465 
. 09813465 
oles 

26 

=e8 

. 46186535 
. 63954765 
. 69953594 
. 78148148 
. 86342702 
5 SA Sie ILS) 5) A 
92361530 
. 86342702 
. 78148148 
69953594 
. 63954765 
. 08036908 
. 04510387 
. 0030693 
. 05124247 
. 08650768 
09941564 
. 08650768 
05124247 
. 0030693 
. 04510387 
. 08036908 
wU%62e212 
05427972 


0030693 

06041831 
10240071 
11736732 
10240071 
06041831 
0030693 

05427972 


Sly OQ, 75 
540 0. 63 
541 0. 63 
542 0. 63 
543 Gace 
544 0.63 
545 UGS 
546 Ome 
547 0. 63 
548 On6S 
549 Omes: 
550 Gros 
Spl Oh, WS 
5) OR 
So wes 
554 Oe 
55 0.75 
556 CS 
Sor OG. 7S 
558 Ones 
Soe OQ 75 
560 OS 
Se OS 
* 
LINE NODES 463 463 474 475 
476 STEP 1 TO 484 
LINE NODES 464 464 485 4&6 
487 STEP 1 TO 495 
LINE NODES 465 465 496 497 
22) PUsleo Ib 10) SOs; 
LINE NODES 466 466 507 508 
Smee ee le Ol ogly 7 
LINE CYLINDRICAL 467 467 6 1 
LINE CYLINDRICAL 468 468 6 1 
LINE NODES 469 469 540 541 
Sees a Ons > 0 
LINE NODES 470 470 551 552 
Hos Se al 10) Syl 
LINE CYLINDRICAL 471 471 6 1 
LINE CYLINDRICAL 472 472 6 1 
LINE NODES 473 473 584 585 
Como tela Os o 
heir oneOwmlnE OULER TUBE 1S 
GVOLUME 472 472 471 471 470 470 
GVOLUHE 470 470 469 469 468 468 
GVOLUNE 468 458 467 467 466 466 
GVOLUNE 466 466 465 465 464 464 


atec'on'e 
peers 


330 “O7070262 12 
30 1566225867 
60 1. 71264813 
90 1. 78148148 
120 1. 85031484 
150 1. 9007043 

180 Poo eS 7 
210 1. 9007043 

240 1. 85031484 
270 1. 78148148 
300 1. 71264813 
330 41. 66225867 
30 1. 63954951 
60 1. 69953704 
90 1. 78148148 
120 1. 86342593 
150 1. 92341346 
180 1. 94537037 
210 1. 92341346 
240 1. 86342593 
eae 1. 78148148 
300 1. 69953704 
330 1. 63954951 

GENERATED 
469 469 EL1=6 EL2=1 EL3=4 NO=20 


467 467 EL1=6 EL2=1 EL3=4 NO=20 
465 465 EL1=6 EL2=1 EL3=1 NO=20 
463 463 EL1=6 EL2=1 EL3=1 NO=20 


THE COORDINATES FOR THE HEADER AROUND THE TUBES ARE DEFINED 


Susie 


TYPE=CARTESIAN 


S=9.4 


Y=0 2Z=0 


mn 
< 


wet INNER TUBE HEADER NODES 


v 


COORDINATES/ENTRIES NODES X Ni Z 

Des 0.0 0.0 Omg 
926 OF 156 0.0 0.0 
Oa) 0. 218 0.0 0.0 

928 CaO 0.0 0.0 
oe9 0.0 0. 0 dees 
930 Crise 0.0 il 5 
Ol OF 216 0.0 TelZs 
9o2 Zea 0.0 slags 
oes 0.0 0.0 EEL 
934 0. 156 O20 ees 
935 Ope Zaks 0.0 Lee 
eoc Za 0.0 2025 
Oey O, @ Za OO 
938 O), US: Zn 0.0 
99 0.218 ene) 0.0 
940 25) 2.0 C0 
941 0.0 oa es 
942 O7156 cou ile 
943 O218 2p 0 lees 
944 eno) Deno) Awl 2S 
945 0.0 A ee 
946 OPED (6 Zao 2ie2 
947 ORES: Za Ces 
948 ZnO 20 Ze 


ale 
oe 


xxx NODES OF THE CENTERS OF THE TUBES FOR MESH GENERATION 


ate 
7 


949 0.0 eae ieee 
350 Crmeaio 6 Ie 25 
1 0.218 io ee 
B52 ao ea ieee 
9153 Gh, @ oa ieee 
954 Crrsc 370 eee 
955 O13 Sa0 Tes 
75.6 20 Sane) ele 
wie NODES FOR THE OUTER TUBE HEADER 
1230 1.41 4.7 2neo 
HAS Orrell 4. 2764467 2.25 
252 a, Ly il IZA S5 2, 2S 
eee =@), SE 4.0 ea 
1234 1.41 4.7 ele 
1235 O, Zaus 4. 2764467 eee 
1236 IO eeelealt 4513822335) lal 
27) =10), Bis 4.0 2S 
1238 gee ee) 0.0 
SY Ge 2a6 4, 2764467 0.0 
1240 =O) eele7ialt 4, 13822335 0.0 
1241 =@0,, 56 4.0 0.0 


7 


verve =9GENERATION OF THE MESH FOR THE INNER TUBE HEADER 


60 


ee 
ri 


* 


a. 
? 


EENESNODES 123 125 124 

LINE ARC 68 70 NCEN=951 EL=1 M=1 NCO=ALL 

LINE ARC 46 48 NCEN=950 EL=1 M=1 NCO=ALL 

LINE ARC 24 26 NCEN=949 EL=1 M=1 NCO=ALL 

GVOLUNE 948 936 125 123 947 935 70 68 EL1=1 EL2=1 EL3=4 NC=N 
GVOLUME 947 935 70 68 946 934 48 46 EL1=1 EL2=1 EL3=1 NC=A 
GVOLUME 946 934 48 46 945 933 26 24 EL1=1 EL2=1 EL3=1 NC=A 


LENE NODES 125 127 126 

LINE ARC 70 72 NCEN=951 EL=1 M=1 NCO=ALL 

LINE ARC 48 50 NCEN=950 EL=1 M=1 NCO=ALL 

LINE ARC 26 28 NCEN=949 EL=1 M=1 NCO=ALL - 

GVOLUME 936 932 127 125 935 931 72 70 EL1=1 EL2=1 EL3=4 NC=N 
GVOLUME 935 931 72 70 934 930 50 48 EL1=1 EL2=1 EL3=1 NC=A 
GVOLUME 934 930 50 48 933 929 28 26 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 127 129 128 

LINE ARC 72 74 NCEN=951 EL=1 M=1 NCO=ALL 

LINE ARC 50 52 NCEN=950 EL=1 M=1 NCO=ALL 

LINE ARC 28 30 NCEN=949 EL=1 M=1 NCO=ALL 

GV@EUNE 932 926 129 127 931 927 74 /2 EL1=1 EL2=1 EL3=4 NC=N 
GVOLUME 931 927 74 72 930 926 52 50 EL1=1 EL2=1 EL3=1 NC=A 
GVOLUME 930 926 52 50 929 925 30 28 EL1=1 EL2=1 EL3=1 NC=A 


LE ODES 129 131 130 

LINE ARC 74 76 NCEN=951 EL=1 M=1 NCO=ALL 

LINE ARC 52 54 NCEN=950 EL=1 M=1 NCO=ALL 

LINE ARC 30 32 NCEN=949 EL=1 M=1 NCO=ALL 

GVOLUME 928 940 131 129 927 939 76 74 EL1=1 EL2=1 EL3=4 NC=N 
GVOLUME 927 939 76 74 926 938 54 52 EL1=1 EL2=1 EL3=1 NC=A 
Crete 9269958 54°52°925 937 32 30 ELI=1 ELZ=) EL3=1 NC=A 


ies NODES 131 11 132 

LINE ARC 76 € NCEN=951 EL=1 M=1 NCO=ALL 

LINE ARC 54 4 NCEN=950 EL=1 M=1 NCO=ALL 

LINE ARC 32 2 NCEN=949 EL=1 M=1 NCO=ALL 

GVOLUME 940 944 11 131 939 943 6 76 ELI1=1 EL2=1 EL3=4 NC=N 
GVOLUNE 939 943 6 76 938 942 4 54 EL1=1 EL2=1 EL3=1 NC=A 
GVOLUME 938 942 4 54 937 941 2 32 EL1=1 EL2=1 EL3=1 NC=A 


TERME SNODES 11 123 122 

LINE ARC 6 68 NCEN=951 EL=1 M=1 NCO=ALL 

LINE ARC 4 46 NCEN=950 EL=1 M=1 NCO=ALL 

LINE ARC 2 24 NCEN=949 EL=1 M=1 NCO=ALL 

GVOLUME 944 948 123 11 943 947 68 6 EL1=1 EL2=1 EL3=4 NC=N 
GVOLUME 943 947 68 6 942 946 46 4 EL1=1 EL2=1 EL3=1 NC=A 
GVOLUME 942 946 46 4 941 945 24 2 EL1=1 EL2=1 EL3=1 NC=A 


wiek GENERATION OF THE MESH FOR THE OUTER TUBE HEADER 


LINE NODES 587 589 588 
LONE NODES 532 534 533 
Lire WHEDES SIO 512 511 
LINE NODES 488 490 489 
GVCLUNE 948 9454 589 567 947 943 534 532 EL1=1 EL2=1 EL3=4 NC=N 


A 


TRE RAODES S522 510 891 
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GVOLUME 947 943 534 532 946 942 512 510 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 510 488 909 


GVOLUME 946 942 512 510 945 941 490 488 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 589 591 590 
LINE NODES 534 536 535 
LINE NODES@o12 125512 
LINE NODES 490 492 491 


GVOLUME 944 940 591 589 943 939 536 534 EL1=1 EL2=1 EL3=4 NC=N 


LINE NODES 536 514 893 


GVOLUME 943 939 536 534 942 938 514 512 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 514 492 911 


a 


GVOLUME 942 938 514 512 941 937 492 490 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES *59 13935592 
LINE NODES 536536) 537 
LINE NODES 5143516 ols 
LINE NODES 492 494 493 


GVOLUNE 940 1238 593 591 939 1239 538 536 EL1=1 EL2=1 EL3=4 NC=N 


LINE NODES 538 516 894 


GVOLUME 939 1239 538 536 938 1240 516 514 EL1=1 EL2=1 EL3=1 NC=A 


LINE NODES 516 494 912 


GVOLUME 938 1240 516 514 937 1241 494 492 EL1=1 EL2=1 EL3=1 NC=A 


ve 
UNE RNODE SMS cyiomoule 
LINE NODES 538 468 539 
NES NODE Seon Gms Comouey 
LINE NODES 494 464 495 
GVOLUME 1238 1234 473 593 
CVORG ERAS o iS Smo cms © 
GVOLUHME 1240 1236 466 516 


LINE NODES 473 585 584 
LINE NODES 468 530 529 
LINE NODES 466 508 507 
LINE NODES 464 486 485 
GVOLUME 1234 1230 585 473 
LINE NODES 530 508 890 
GVOLUME 1235 1231 530 468 
LINE NODES 508 486 908 
GVOLUME 1236 1232 508 466 


ENESNODES S58 5.05 Sie 5c 
UNE SNODES S55 05S 2e55s0ll 
LINE NODES 508 510 509 
LINE NODES 486 488 487 


1239 1235 468 538 EL1=1 EL2=1 EL3=4 
1240 1236 466 516 EL1=1 EL2=1 EL3=1 
1241 1237 464 494 EL1=1 EL2=1 EL3=1 


1235 1231 530 468 EL1=1 EL2=1 EL3=4 
1236 1232 508 466 EL1=1 EL2=1 EL3=1 


1237 1233 486 464 EL1=1 EL2=1 EL3=1 


NC=N 
NC=A 
NC=A 


NC=N 


NC=A 


NC=A 


GVOLUNE 1230 948 587 585 1231 947 532 530 EL1=1 EL2=1 EL3=4 NC=N 
GVOLUME 1231 947 532 530 1232 946 510 508 ELI=1 EL2=1 EL3=1 NC=A 
GVOLUME 1232 946 510 508 1233 945 488 486 EL1=1 EL2=1 EL3=1 NC=A 


Je 
ae 


wee THE COORDINATES FOR THE REST OF THE HEADER ARE DEFINED 


* 
ws 
7 


SYSTEM N=0 


COORDINATES/ENTRIES NODE 


oe a Z 


oe te MeoH FOR THE RES! OF THE HEADER 


GVOLUME 
GVOLUNE 
GVOLUME 
GVOLUME 
GVOLUME 
GVOLUME 
GVOLUME 
GVOLUMNE 
GVCLUNE 
GVOLUNE 


7 


1233 
23 
1240 
1367 
esr 
1S a5 
ESYo, 
1383 
1387 


I0/ 


es onl 


1230 
1 28 
ae 
1366 
S70 
1374 
a6 
1382 
1386 
1390 


1366 
1367 
1368 
1369 
1370 
Srl 
Ne 
HS 
1374 
17 5 
1376 
1377 
RSIS: 
9 
1380 
1381 
1332 
1383 
1384 
Sia 
1380 
eso 
1388 
1389 
3 BIO) 
S81 
Uaee 
(ese 
1394 
1395 
Las 
Lay 


1 


98 


ise 9 
1400 
14C1 


to 1 
1252 
133 
1370 
1374 
1378 
1382 
1386 
1350 
139-4 


1239 
124 
1241 
ey 
Sy 
So 
1383 
RSIS 
Leo 1 
eS 


SOD Cue 
OFFO9 Crys 
7. 86 4.67 
Foo 4.67 
in) 6.79 
Se 6.79 
6.644 4. 85 
6.644 4.85 
4.91 Cron 
4.91 On37 
ee 4.6 
See) 4.6 
3.16 DoS 
Sap See 
4.3 4.057 
4.3 4.057 
eo 4.61 
3 4.61 
Seo Bu o 
cea J03 
Onaay $i 108) 
One 3205 
eS ZS 
2S DOG 
Oey a 
Creer 135 
2.046 eee 
2.046 lee 
0.0 OO 
0.0 O20 
1.87 0.0 
Hen 0.0 
8.27 See 
Seca eee. 
8. 065 4.945 
8.065 4.945 


1366 
1398 
1490 
1369 
3S 
1377 
1381 
1385 
1389 
1393 


st THE BOUNDARY CONDITIONS FOR THE 


P< Wie Pees.) AT THE CENTER OF THE 


1367 1399 
1399 1401 
1401 1369 
ESC Smee 2: 
eae Si6: 
1376 1360 
1380 1384 
1384 1388 
126651392 
1392-1396 


1S, a Wa in wa Wa Nn 


Ui 


Ui ui Nn on nn UA Lea) 


on 


MONON ODNONONONONONONONONONONONONONONDS 
SSD ee ie eS ee a een es 
1 


uy 


1398 
1400 
1368 
SES, 
eae 
1381 
TSC 
1389 
SO) 
1397 


IS GENERATED 


ElI=Z 
EL1=2 
EL1=2 
EL1=2 
EL1=2 
EL1=2 
Bil=2 
lS 
EL1=2 
EL1=2 


HEADER ARE DEFINED 


TUBES ARE FISED 
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EL2=4 
EL2=1 
Eee 
EL2=1 
Jala IL 
EL2=1 
EL2=1 
EL2=1 
EL2=1 
EL2=1 


EL3=1 
EL3=1 
Eo! 
EL3=6 
EL3=6 
EL3=6 
EL3=6 
EL3=6 
EL3=6 
EL3=6 


BOUNDARIES 111111 TYPE=NODES/949 STEPS To9956 


ale 
7 


eats THE NODE AT THE OREGIN Is )F 1xXED 


ale 
7 


BOUNDARIES 111111 TYPE=NODES/1892 


wiek THE NODES ABOVE THE ORIGIN ARE ONLY ALLOWED TO ROLL IN THE X-DIRECTION 
ad 
BOUNDARIES 011111 TYPE=NODES 

932 1015 1018 1023 1026 1031 1034 1039 931 1043 930 1046 929 

TS SSO OC ZO Gai Ones Zc 2s eee Smee hoe mane ich oumel Sey Ome ics 


als 
7 


vere = THE NODES IN THE Y=0 PLANE ARE CONSTRAINED TO ROLL ONLY IN THAT PLANE 
BOUNDARIES 010111 TYPE=NODES 
936 1013 1049 928 961 1051 966 1017 1053 1054 973 1059 978 1025 10cm 
985 1067 990 1033 1069 1070 997 1075 935 1041 1077 927 1004 1079 934 1044 
1080 926 1009 1082 933 1047 1083 925 1394 1395 1891 1693 1694 189601900 
1901 1903 1904 1905 1907 1911 1912 1914 1915 1916 1916°1922 1923 122 
1927 1929 1933 1934 1936 1937 1938 1940 1944 1945 1947 1948 1949 1951 5uo96 
ESV See oer) 


ae 
ve 


verre ~=THE NODES IN THE Z=0 PLANE ARE CONSTRAINED TO ROLL ONLY IN THAT PLANE 
BOUNDARIES 001111 TYPE=NODES 

il iz 3 4 5 6 7 8 o 10 i) 17 2t 

oo 50 61 Ue 83 94 105 116 i277 33 136 139 147 
145 148 all ey, 163 166 169 WS 181 184 187 190 19% 
1s9 205 208 211 217 ee 226 29, 22 Dae 241 247 256 
253 259 265 268 rial 274 aT 280 283 286 289 Zoe 29% 
301 307 310 313 og 2a 328 Sol 334 Sou, 343 349 35m 
355 361 367 370 Sis 376 aio 385 S21 394 ao 403 40! 
412 415 418 421 424 427 430 433 436 439 442 445 44% 
451 454 457 460 463 464 465 466 467 468 469 470 47 
472 473 479 490 On 512 523 534 545 HSS SOW 578 Se 
DS 6 601 604 607 610 613 619 625 628 631 637 64. 
646 649 652 655 661 667 679 673 679 685 688 691 69« 
697 703 709 Ge Auli Heal ioe eU 123 736 Fo 742 74, 
748 onl 754 oy 763 769 Fue Tiiies 781 787 790 725, 79¢ 
noo 805 Sel 814 817 825 829 832 835 838 841 847 85. 
856 859 865 871 874 877 880 883 886 889 892 895 89: 
901 904 907 910 Saks, 916 gs, M2 941 942 943 944 101. 
1016 1020 1022 1024 1028 1030 1032 1036 1038 1040 1042 1045 104. 
1055 1063 2071 41122 11253 41124 1126 1128 #1130 1131 1132) oe 
1138 1139 1140 1142 1144 1146 1147 1148 1150 41151 121153 1154 115 
1159 1163 1167 41174 %41176 %4J179 %(d182 %41184 2187 190 112 ae 
1200 1202 1204 1206 1210 1216 1222 1234501235 1236 91237 7 eee 
1281 1283 1285 1287 1288 1289 91291 "12937 51295981296 3120 ee eee 
1303 1304 1305 1307 1308 1310 1311 1303" 1320) 1228 1336 40 _ oe 
1409 1412 1415 1418 1421 1425 1429 1433 1437 1441 1445 1448 145: 
1454 1457 1460 1463 1466 1469 1472 1475 1478 1482 1486 1489 149 
1497. 1500 1504 1508 1511 12515 1519 1522559526551520) 1533) 55 --a 
1542 1545 1548 1552 1556 1559 “1563 1567" 1570 1574 1578 See 
1589 1592 1596 1600 1603 1606 1609 1612051615) J6lc se l622 NG ee 
1633 1637 1640 1644 1648 1651 1655 1659 1662 1666 1670 1673 167 
1679 1682 1685 16658 1692 1696 1699 170351707" 917 10) 7 a eee 
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ieee Laco” 1732 1736 
Coe ise. 17 7 ASO 
WS IG AAS, abyss 
scl SG>ee S69 ls 72 
Ia2 1953 

* 

ve 


went THE INTERNAL PRESSURE 
* 

LOADS ELEMENT 
eo O 
SUSI aL 180) 
10 ee 0.0) 
Soe 00 
STEP 1 TO 
Go =57 00 
lel See ome O0) 
SHER DI Lo 
OR = S700 
ecm ome OO 
SiEP 6 10 
Oe e710 0 
2037-27700 
20+ -2 700 
2S 00) 
Seb 2 ro 
2 Ove SOO) 
Pulomaoe 7100 
Seep tO 


Palevsy 8) THON0) 
* 


a 
2 


Reveeed J 1 2 
Reese 2 7 28.4 


1740 
1784 
1828 
1876 


1743 
1788 
NS: 
1880 


1746 
1791 
1836 
1883 


LOAD IS APPLIED 


wrk CONSTRUCT THE ENTIRE HEADER 


1749 
SS 
1839 
1886 


Wie) 
oo 
1843 
1889 


wx = THE FOLLOWING DEFINE THE GRAPHICS FOR THE HEADER 


FRAME XFMAX= 22.5 YFMAX= 17.0 XSF= 1.0 YSF= 0.5 
VIEW ID=1 XVIEW=1 YVIEW=-1 


MESH VIEwW=1 PLOTAREA=9 


ADINA 


ZVIEW=1 


1758 
1806 
1850 
09 


1762 
1810 
1854 
1920 


1766 
cea 
1858 
1931 


25% STEAM FLOW, 0 DEGREES 1I/C 


INLET HEADER 


APPENDIX D. 


£0+392056°5 
50+39¢920°T 
£0+395666 6 
£0+39926T "6 
50+329255'T 
50+30c6E6°T 
50+3¢cSE8F°T 

¢ 
T0-3092f6°9- 
204308596 °£- 
204322926" L- 
20+32E80b°¢S 
TO+38TTEL°S- 
20+IS0ETO°S- 
204359928 °6 
20+3T09ST 9 
c0+3>8b51S5'°T 
£0+360Tbb’¢- 
£04+399996°¢- 
£0+329204°b- 
£0+3Z2TS0° 5- 
£0+396529°5- 
£0+3ce8Tl5°S- 
£04+309b26°b- 
£0+I9ESTT°S- 
£0+IZ6Tol’ 9- 
£O+ITESH9° 9- 
£0+3¢¢289°9- 
£0+399002°9- 
£0+3ZTS69°6- 
£0+I329829° 6- 
90+359020°T- 
50+3068be°T- 
60+32S5T6c'°T- 
60+3TE29£S °T- 


ZA-SS3¥N1S 


c0+38eZ20T 2? 
£0+39508T T 
20+3962T8 9 
20+3T2T99°T 
£0+360TS> TT 
20+3TSIZe°3 
20+3LEL8H°C 


20+32TL989° 2 
T0+3£9925°8- 
c0+35E0cb° b- 
20+382929°2 
T0+39E022°T- 
20+382ETO°E- 
20+3086¢2°¢ 
T0+39589"°6 
20+389992 °T- 
20+302TSE°9 
20+3b62b6E°L 
c0+3922242°9 
£0+36090T'T 
£0+39T9E2°T 
£0+3E929E°T 
£0+3EE052°T 
£0+392869°T 
£0+316690°¢ 
2O+3EbEE0° 2 
c0+30LEeS9'° 2 
cO+FELETS°L 
£0+3£06¢C°T 
£0+3ecoTe TL 
£0+3295ST'°T 
£0+36EE00°2 
£0+36ce276'°T 
£0+3999TS T 


ZX-SS39LS 


£0+366T0S'°T 
£0+3¢90¢S°¢ 
£0+396990°2 
£0+32926S5 °T 
£0+30f¢9C 
£0+322969° 2 
£0+3T69S0°2 


£0+302920°T- 
c0+399698°S- 
T043592%b2°T 
20+5890T6° S- 
20+3TTTOS°€- 
00+30992L°» 
20+360902°T- 
20+369992° T- 
T0+390228°9- 
£0+3280¢8° T- 
20+39T09°9- 
20+359885°S 
£0+3TS2E2° T- 
20+399696°9- 
20+326L98°E 
£0+369968° T- 
20+390F59° 6- 
10+30¢2929° ¢- 
€0+3082995°c- 
£0+312662c°T- 
T0+392902°¢- 
£0+396£98° 2- 
£0+3¢8029° T- 
20+325288° b- 
£0+399979°¢- 
£0+3ETEcS’c- 
£0+3299825° T- 


AX-SS3Y¥LS 


c0+IceeTe’s 
£0+59cbBC’ db 
£0+3c2TSTZ 
£0+IL9eTd 2 
£0+39¢T6c 2 
£0+3ecTS9'9 
£0+380202°9 


£0+3LTesbe'S 
£0+3E97T90°2 
£0+32b822'8 
£0+5c89¢C9'°¢ 
£0+3022249'°6 
£0+59ZEET'9 
20+3595908" 5- 
£0+340TSS5'T 
£0+IT68ce’s 
£0+3999TS'b 
£04+328S6T'S 
£0+308699 '°S 
£0+39T9I88 °C 
£04+3992995°¢ 
£0+3L2926°¢ 
£0+3¢9400°T 
£0+399Ee45'°T 
£0+3866T0'2 
£0+59C9bdH’ b 
£0+302E25° 
£0+3T59E0° > 
£0+526159°¢ 
£0+3£8058'¢ 
£0+360289'°¢ 
£0+3088C8"° 7? 
£0+3928eT 
£0+36880c'f 


2Z-SSI8LS 


b0+3926TLL°E 
50+38T9IES°Es 
H0+IE29TO'E 
90+352066'¢ 
50+30699E°b 
50+3516906' 
50+39TTLE 


£0+3269¢0° T- 
20+30¢S95°<- 
20+4c2Ee89° S- 
20+3699CE°6- 
20+3T296T ’ £- 
2043299495 8- 
£0+3Z5TcU' T- 
20+380E/T°9- 
£0+IT2T6 tl’ T- 
£0+329062°2 
£0+309522T'6 
o0+3f£eTEO T 
£0+38T0Es'd 
£0+369¢89'°S 
£0+366¢9¢°9 
£0+399295'°T 
£0+3S2599'°T 
£0+3£60c¢8'T 
5043296692 
90+3T2L26 2 
90+36¢0e2 F 
90+369922°2 
50+329866°2 
90+36STSL°2 
90+3T26S59°T 
90+390T20'2 
50+3806ec'¢ 


AA-SS3YLS 


£0+I3ZTHbE°T- 
c0+37296¢6°T- 
20+399960°S- 
£0+39ecTe'T- 
£0+30STSE°T 

20+322290°6 

00+36TT0°9- 


c0+309T02*2- 
20+359S9¢02°6- 
£0+368EE2°T- 
£0+396902°T- 
£0+IL6e te T- 
£0+399299' T- 
£0+4dTetZs' T- 
£0+36T099° T- 
£0+39E8b9° T- 
c0+32T02E c- 
c0+3TCeeo'c- 
c0+352590° >- 
c0+3f82729'8- 
20+390€26'6- 
£0+3ZTZ6T T- 
£04+3£2599'T- 
£0+39b¢d6° T- 
£0+3cb8Te'c- 
20+3999¢L'» 
£0+319650'T 
£0+3TSEeS5'T 
20+39EKLE°B- 
20 #328695‘ b- 
TO+3>0SZT’6- 
£0+3t%bE2?°2- 
£0+329290°2- 
£0+390698° T- 


XX-SSIYLS 


TET 
eel 
ect 
Tet 
£Ttt 
ett 
TIT 


£fF 
eee 
Tes 
£ek 
eck 
Tee 
£Tfs 
els 
TTs 
£&£e 
eke 
Tze 
tec 
eed 
Tee 
£le 
ete 
Tle 
£eT 
ext 
Tet 
eel 
ect 
Tet 
£TTt 
ett 
TIt 


LNIOd 


99 
99 
oa 
95 
Oi 
99 
oS) 


SS 
SS 
gs 
ss 
ss 
33 
SS 
SS 
sg 
ss 
s3 
SS 
SS 
SS 
ss 
SS 
SS 
gS 
ss 
SS 
SS 
ss 
SS 
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sg 
SS 
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4IN3H313 


66 


£0+3¢25TR's 
£0+I05Tob' > 
£0+380E59'E 
£0+3€68S56'¢ 
£0+39L829b'b 
20+3TTS02° 4- 
20439292282 
£0+308590°¢ 
204+349066°2- 
20+3929TL2' T- 
20+329269'°9 
£04+398596'T- 
£0+3T909¢'T- 
£0+3£1T290°T- 


£0+I62EbE° 2- 
£0+3b622Tb'9- 
£0+3969ELb'S- 
60+3960TT'T- 
60+329960'°T- 
£0+392c22°6- 
60+30¢ES529'T- 
60+3T0266' T- 
60+396TS6° T- 
20+439S02S2°¢- 
TO+3EZ2TSE “2- 
2O+3TETET'T 

20+3Z69TT' €&- 
00+39T969'9- 
10+392926'9 

20+30992%b'c- 
00+38S/TS'T 

104+322b66' 

£0+3068Tb'9 

£0+362£06'°S 


ZA-SSIUNLS 


£0+395690°T 
20+34ST682 "6 
£0+3S85T2°T 
£0+395999'°T 
£0+31SS9S'°T 
£0+30£09S°T 
Z20+I>S6IT'S@ 
T0+36L262°b 
20439922258 
TO+IS9LTI°6 
20+3950986°9- 
20+30062L9'°S 
20+39eSTS2°c- 
£0+382550°T- 


£0+3S2beT'T 
20+3962b66'S 
T0+39TS0L°T 
£0+3TS25¢°T 
20+388%%6°9 
00+]351926°6- 
£0+36e252° 1 
20+329608'°6 
20+392T29'T 
£0+3T0025°T 
20+999ELE°?¢ 
20+316969°8- 
£0+366909'T 
c0+320E9T6 'T 
£0+3S265T T- 
£0+386002 T 
20+186296'°T 
£0+30b2e¢e '°T- 
20+356296°6 
20+320920°9 


ZX-SSIUNLS 


204392929 °S £0+329625°2 
20+35682T 2- £0+3S29TT'S 
£0+3>0825'°T 20+42268E 2 
20+399E82e°2 €0+39ecf00'T 
204+32ETET T- €0+392626'T 
20+361T266°6 £0+395909°¢ 
20+350229°2 £0+352999'°S 
20+322895°9 €0+3£6260°2 
20+322092°9 €043990S2e2'°T 
20+319229'°S £€0+46956E'°¢ 
20+3TT69°S £04+325169° 
20+392562E°2% 204329600 °8- 
c0+3aellTe°s 2044dbT29b 2 
20+385992°6 £0+326c66'T 
£0+309T29'2- £0+3769ETB'? 
£0+3E2206° T- £0+3996ST'2 
£0+329TTO'T- 20+3ZH9TE ES 
£0+309662°2- £04+302T29 
£0+3929Z2T0°2- £04+389662 4 
£0+352092°T- £0+366022'°2 
£0+36505T'S- £04360285'°2 
£0+39E97ES°2- £0+399HTOL LZ 
£0+3629%6  T- £04+3990296'°9 
20+329529°9- 204355085 ° 2 
20+359065°¢- 20+365655'9 
T0+316656°2- 20+322862' 2- 
Z20+43S12SE °£- €0+329922'°2 
204322609 T- £0+39T299¢ F£ 
00+39TETO"6 €£0+399¢LE5 2 
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25% STEAM FLOW, 350 DEGREES 


OUTLET HEADER 
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90% STEAM FLOW, 350 DEGREES 


OUTLET HEADER 
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